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ST LOUIS ENCEPHALITIS 


iKTEcnov OF Chicken Mites, Deemanysstjs gai.iinae, by Feedino on 
Chickens with Vikemia, Tkaksovarian Passage of Viehs 
INTO THE Second Geneeation* 

By MARGARET G SMITH RUSSELL J BLATTNER, and 
FLORENCE M HEYS PilD 

(From thi Dtpcrlmtnl of Palhoioty and the Dtpariment of Pedloina, Washtn^on 
UmvtrsUy School of Medtane Si Louis) 

(Received for pubhcntbti, April S, 1946) 

The virus of St Louis encephalitis has been isolated from chicken mites, 
Dermauyssus gaUtnae, collected from three separate localities m SL Louis 
County (1, 2) Transovanan passage of the vims in chicken mites, found m 
fected m nature, was demonstrated (2) In order to obtain further information 
relevant to the r6le of the chicken mites in the epidemiology of St, Louis enceph 
alitis the foliowmg expenments were planned (a) the experimental infection of 
mites by feeding on chickens inoculated subcutaneously with the St, Louis 
encephalitis ^^^us, (6) transovanan passage of the virus in experimentally in 
fected mites, (c) transmission of the virus to normal chickens by infected mites. 
TTie present paper Is concerned with the experimental infection of chicken mites 
and the transovanan passage of the St Louis virus m mites infected in the 
laboratory Experiments dealmg with the transmission of the virus from 
infected mites to chickens by bite are in progress 

^fa^crulls atid lieihods 

Vninfeded l£iU CdorMS — A hotDOfcneou* colony ol uninlected chicken mile* was ettab* 
Uibed from a tingle adult female and her n^Toph oEsprlng A tbgle engorged female was 
removed from a parent colony thown by repeated teat* to be free of the St. Loula encephalitis 
virut This tingle femak mite wa» placed In a ^ai» tube and observed for egg laying After 
the larvae had hatched and metamoiphosU to first stage nymph* had occurred the mother 
and the nymphs were placed In an autoclaved container These mitt* were fed repeatedly on 
normal chick.cn* vrhicb had hatdied from eggs Id the laboratory and which were protected at 
all time* from possible outside infection. In this manner a large colony of homogaieou* 
uninfected mite* was eitabHihed. From Ihb colony tubcolonlcs were set up when required 
for experimental purposes. 

On a number of occasions these tubcokmies were retested as follow* for the possible pres- 
ence of the St. Lools encephalitis virus, alwsys with negative result*. Mite* co llected from 
these colonics on Feb 4 1945 Apr 6 1945 Apr 11 1945 and two lots of mite* collected on 

* Aided by a grant from The National FoundaUon for Infantile ParalyiU, Inc. 
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iKTEcnoN OF Chicken Mites, I>eeiian\ssus oallinae, by Feedino on 
Chickens with Vikemia, Tbansovarian Passage of Virus 
INTO the Seconb Generation* 

Bt MARGARET G SMITH, MJ)^ RUSSELL J BLATTNER, M-D^ and 
FLORENCE iL HEYS, Ph.D 

{From the Deparimtnt of Palhdogy and the Depcrtnunt of Ptdlaina Washtntton 
Umtcntly School of hledtane, St Louis) 

(Received for public&tloD, April 8, 1946) 

The VITUS of St, Louis encephalitis has been isolated from chicken mites, 
Dervianyssus galhnatj collected from three separate localities m St, Louis 
County (1, 2) Transovanan passage of the virus in chicken mites, found m- 
fected m nature, was demonstrated (2) In order to obtain further information 
relevant to the r6le of the chicken mites m the epidemiology of St. Louis enceph- 
alitis the following experiments were planned (o) the experimental infection of 
mites b> feedmg on chickens moculated subcutaneously with the St Louis 
cncephahtis virus, {b) t^anso^’anan paasage of the vims m experimentally m 
fected mites, (c) transmission of the virus to normal chickens by infected mites. 
The present paper is concerned with the experimental infection of chicken mites 
and the transovanan passage of the St Louis virus m mites mfected m the 
laboratory Expenmenta dealing with the tranarmssicm of the virus from 
infected mites to chickens by bite are in progress 

M aierujls and Methods 

Umnfedod iliU Colonia — A homoscoeoo* cokmy of uulnlected chJcien mltea ww eaUb- 
Hshed from a ringle adult female and her nymph o&pring A ringle engorged female ^ras 
retno\‘ed from a parent colony tbown by repeated testa to be free of the St, Loiria encephafitis 
vinu ThU sbgle female mite was placed in a glaaa tube and observed for egg la>'ing After 
tbe larvae had hatched and metamorphosla to first stage n>iDpbs had occurred, the mother 
and the nymphs were placed In an autoclaved container These mites were fed r ep eatedly on 
normal rVtrki»n» rrhich had hatdted from eggs In the kborstory and whkh were protected at 
all tunes from possible oulaide infection In this manner a large colony of homogeneous 
uninfected mites was estahKshed, From this cokaiy subcolonies were set up when required 
for experimental purposes. 

On a number of occasiems these subcolonies were re t est ed &i follows for the pcwthle pres- 
ence of the St, Louis cncephahtis virus, always with negative results Mites collected from 
these colonies on Feb 4,1945 Apr 6 1945 Apr 11 1945 and two lots of mites collected on 


• Aided by a grant from The National Foundation for Infantile Paialyiis, Inc. 
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used to establish the colony since the sample tested for virus 4 weeks later consisted only of first 
stage nymphs 

A second colony of infected mites was established with freshly engorged mites, adults and 
nymphs, collected after feedmg on chicken 4-2 shown to have viremia This colony bag been 
mam tamed until the present time (8 months) by feedmg on normal chickens bred m the labo- 
ratory Six months after the colony was established with mfected mites the St, Louis virus 
was recovered from a sample consistmg of 100 imtes, adults and nymphs, collected from 
the colony 

Thus, the RNj strain of St Louis encephahtis virus was recovered from mites 
collected from 2 experimentally mfected colomes, 4 weeks after establishment 
of the first colony and 6 months after establishment of the second colony 
Transovanan Passage throagh the Second Generation — ^Further experiments 
demonstrated transovanan passage of the St Louis virus through the first and 
second genera,tions of e.xpenmentally mfected mites 

On June 2, 1045, chicken 5-8 was moculated subcutaneously with the egg membrane stram 
of the St Louis vims, and vircmia was demonstrated 52 hours after moculabon Engoiged 
adult rmtes fed on this chicken durmg virenua were collected on June 5, 1945, and each adult 
imte was placed m a separate glass tube to be observed for egg laymg The adult females were 
separated from the unhatched eggs Some of the adult female rmtes were saved for the ex- 
periment desenbed m the foUowmg section On June 11, 1945, the remammg 130 adult 
females were triturated in tryptose phosphate broth and the suspension moculated into 7 
mice, 9 days of age Four of the 7 rmce showed signs of illness m 12 to 17 days Mice mocu- 
lated mtracerebrally with bram bssue from these 4 mice developed convulsions m 3 to 5 days 
Eggs separated from the above female mites were allowed to hatch and the larvae to meta- 
morphose to first stage nymphs These nymphs were divided into 2 lots One lot of 153 
nymphs was triturated m tryptose phosphate broth and the resulbng suspension moculated 
intrapentoneally mto 7 mice, 9 days of age Five of the 7 mice showed signs of ifluess m 12 
to 14 days, and an mfecbve agent was passed readily to adult mice by mtracerebral mocula- 
bon The virus thus obtamed from the adult female mites and from their unfed first stage 
nymph offsprmg was identified as that of St- Louis encephahtis 

In order to demonstrate transmission of the vims through the egg mto the second genera- 
bon, the other lot of unfed first stage nymphs, several hundred m number, was used to estab- 
hsh a new colony The colony was fed on 3 different normal chickens at 72 hour mtervals, 
thus permittmg the feedmg of mites on a normal chicken as first stage nymphs, agam as second 
stage nymphs, and finally as adults After the third feedmg, engorged adults (» e., adults of 
the first generabon smee feeding on infected blood) were placed m mdividual tubes for egg 
laymg The adult females were separated from the unhalched eggs These second genera- 
bon eggs were allowed to hatch and the larvae metamorphose to first stage nymphs 

One hundred and twenty-five of the first generabon adult mites were tnturated m broth 
and the suspension injected mtrapentoneally mto 5 mice, 9 dajs of age Three of the 5 mice 
developed signs of illness m 12 to 13 days. Intracerebral passage of each of the 3 brams to 
adult Swiss mice produced typical convulsions in 3 days Likewise, 165 unfed first stage 
nymphs of the second generabon i c , smee feedmg on infected blood, were tnturated m broth 
and the suspension passed by intrapentoneal moculabon to 7 mice, 10 days of age Three of 
the 7 showed signs of illness m 12 days, and bram bssue from each was passed to adult 
mice by intracerebral moculabon As before, the virus was idenbfied as that of St Louis 
encephahbs 
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Thui, transovarian passage of the St Louis virus into the second generation 
has been demonstrated in mites mfected in the laboratory 

Transovanen Passagej Persistence of Virus through Second Egg Laying 
Period — 

Ihe adolt female mites reserved for this esperimcDt were a part of those fed on chiducn 
and separated from thdr unhatebed eggs. Other adult females of this collection and also 
their unfed first stage nymph oSspring had yielded the St Louis encephalitis virus, as recorded 
in the preceding sectloiu The adult female mltea itscrvtd for this aperiment were placed in 
an autoclaved container and allowed to feed on a normal chichen. After feeding, these 
adults were co l l ect ed and placed in individual glan tubes for farther egg laying* and, as be* 
fore, were separated from their tm hatched eggs These females and thdr unfed first stage 
nymphs were tested separately for the presence of the Sl Louis virus. Thirty tvro adults 
were tnturated in tryptose phosphate broth and the suspension was inoculated intiapciitone* 
aB> mto 7 mice, 9 days of age. Two of the 7 showed signs of Qlness tn 12 to 13 days and paa* 
sage mice Inoculated intracerebraDy developed convubioTis in 4 days. Likewise, 130 first 
stage n>’mph offspring of these females were titormted in broth and the resulting suapensioQ In 
ocnlated mtraperitonealb Into 8 mice, 6 days of age Three of the 8 showed signs of Qlness in 
12 to 13 days, and secondary Intracerebral passage to adult mke produced convulsions within 
4 days. Tbe virus tC LOv e i e d from both the adult females and their nymph o&prlng was 
identified as that of St. Louis encephalitis. 

Tliese results show that a female mite, mfected as an adult, can pass the St 
Louis virus, not only through the eggs laid immediately after the infective feed 
mg, but also through the eggs laid after an additional feeding on normal blood 

DlSCOSaiON 

Hammon, Reeves, and Gray (4) have presented data from field and laboratory 
inveatigationswhich support thehypotheais that both StLouis encephalitis and 
Western equme encephalomyelitis ore mosquito-bome, and that the source of 
the infection for the mosquito is an mapparent reservoir among vertebrates, 
particularly the domestic fowL However, neither the virus of SL Louis en 
cephalitis nor that of Western equme cncephalomyclitia has been isolated from 
hibernating mosquitoes, nor is there evidence that these viruses persist in the 
blood of ejqienmentaUy infected fowl for longer than a few days Accordingly, 
the mechanism by which these viruses persist from year to year in an endemic 
area has not been e^lamed 

Chicken mites {Dermanyssus gaUtnae) m several localities m St. Louis County 
have been shown to be infected with the virus of St. Louis encephalitis (1, 2), 
probably permanently, smcc congenital transfer of the virus m these mites has 
been demonstrated. Furthermore, the persistence of the virus m nature Is 
indicated by the isolation of the virus from mites collected at a smgle site at 
intervals of 6, 8, and 16 weeks (2) 'Ihc virus has persisted for months m 2 

* The rlilfVpn mite lays several sets o! eggs after a single matmg However a blood meal 
Is required before each set of egga is kid 
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laboratory colonies, one estabbshed with mites found infected in nature (2), and 
one with experimentally infected mites However, until it has been shown that 
mfected mites are capable of transferring the virus of St Louis encephahtis to 
chickens by bite, the epidemiological significance of the persistence of virus m 
mites remams conjectural 

Sulkm (5) has isolated the virus of Western equine encephalomyehtis from 
Dermanyssns gaUttiae collected on a ranch in Texas where &is disease had oc- 
curred m horses As m the case of St Louis encephahtis, the epidemiological 
significance of this findmg cannot be determmed without further evidence 

SUMMARY 

A colony of chicken nutes (Dermanyssiis gaUiTiae) was established from a 
smgle adult female mite and her offspring This colony of mites was shown to 
be free of the virus of St Louis encephahtis Infection of mites from this homo- 
geneous colony with the virus of St Louis encephahtis was accomplished by 
feedmg on chickens havmg vuemia The virus was recovered as readily from 
mites which had not been allowed to feed for 8 da3rs as from mites freshly en- 
gorged, showmg that the demonstration of virus m the mites does not depend 
on the presence of fresh infective chicken blood Transovanan passage of the 
St Louis virus mto the second generation has been demonstrated in mites m- 
fected experimentally The female mite mfected as an adult can pass the St 
Louis virus through eggs laid after additional feedmg on normal blood Per- 
sistence of the vmis for a period of 6 months has been shown m a colony of mites 
infected experimentally m the laboratory 
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STUDIES ON ENDEinC PNEUMONIA OF THE ALBINO RAT 

L The Tilansiiission of a CoionmicABLE Disease to Mice feou 
Natueally Infected Rats 

Bv JOHN B NELSON, PhD 

(From the Department of Animal and Plant Paikala^y oj The Rack^eiler 
Institute for hfedteal Reseorck, Pnnedon, New Jersey) 

(RcccNTd for pubUcabon, March 28 1M6) 

The natural occurrence of an Inflammatory reacbon m the lung of the albmo 
rat IS now a matter of common knowledge The condition being progressive 
with ultimate purulent cavitation is sometimes referred to as bronchiectasis. 
Smee It IS imtialiy a bronchopneumonia it will be regarded as such m the present 
work and called endemic pneumonia of the albino raU It might also be known 
as a^Tiical or symptomless pneumonia as it is so well tolerated by the host that 
its certam recogmbon is often dependent on a direct eiammation of the lung 
It 18 known that the disease is universally distributed and that its development 
though unrelated to the diet of the host is correlated with its age, immature rats 
bemg significantly leas susceptible than adult animals. Aside from these facts, 
however, there is Uttle knowledge of its natural history 

The rat itself has been one of the chief handicaps m the study of endemic 
pneumonia, the younger animals being relatively resistant and the older ones 
showing a high natural inadence of pulmonary mvolvcment Moreover, the 
rat is subject to a second and dlstmct respiratory disease, called by us ( 1 ) infec- 
tious catarrh, which may also result m pneumonia although it more commonly 
affects the nasal passages and the middle cars This disease is likewise widely 
distributed and may coexist with endemic pneumonia. 

Some years ago Nelson and Gowen (2) attempted to establish a disease free oolonj 
of albino rata by selective breedmg The procedure was successful in eliminaUng 
infections catarrh but failed to free the colony of cndcroic pneumonia It was noted, 
however that the rate and seventy of the pulmonary reaction was appreciably reduced 
after selection. At that time (1931) there was no adequate explanation for this 
difference infections catarrh not having been lecogniied as a datmet entity until 
later (1940) It now seems probable that this discrepancy before and after selection 
was due to the elimination of Infectious catanh which m the original colony had 
coexisted with endemic pneumonia. 

In 1939 King (3) undertook to eliminnte labynnthitb, with its resultant dl»- 
equilibration, from a colony of albino rats with a high natural rate of the disease 
Gray, captive female rata known to be rarely infected were used as foster mothers 
for albino rats removed from their mothers at or soon after blrtb Eventually a 
group of disease-free albmo breeders was obtained and used as the nudeus of a colony 

7 
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which subsequently remained essentiaUy free of the disease With respect to en- 
demic pneumoma, however, the results of Miss Bong’s procedure were similar to ours 
Her method was successful m nddmg the colony of labyrmthitis but failed to free it 
of endemic pneumonia 

Since &ere was no entirely suitable natural host at hand for expeninental 
purposes it seemed desirable to attempt the transmission of endemic pneumonia 
to some other host m which it did not occur as a natural disease We (4) had 
shown earher that the white mouse was highly susceptible to infectious catarrh 
of the albmo rat, and havmg at our disposal a mouse colony which had been 
notably free from any respuatory disease for many years, the mouse was chosen 
as an alternative host The work herewith reported is concerned with our en- 
deavor to reproduce expenmentally m the mouse the type of reaction which 
occurs naturally m the lung of the rat 

Source and Nature of the Material Used tn the Mouse Transmission Experiments 

Unless otherwise mdicated the material used m the foUowmg experiments 
was obtamed from the selected colony of albmo rats mam tamed at The Rocke- 
feller Institute m Prmceton The rats m this colony tend to develop pneumoma 
as they mature but are free from infectious catarrh Material from other rat 
colomes was generally unrehable because of the coexistence of endemic pneu- 
monia and infectious catarrh One additional source of uncomphcated endemic 
pneumonia was furnished, however, by a group of albmo rats obtamed through 
the courtesy of Miss Gladys Sperlmg from a colony mamtamed at Cornell Uni- 
versity m Ithaca, New York 

The pneumonia rate originally reported for adult rats, upwards of 1 jear m age, from the 
selected colony was 52 per cent as compared with 78 per cent m rats from another unselected 
colony (2) There was no pneumoma m young rats, 3 to 4 months old, from either colony 
None of the rats from the selected colony, in either age group, showed middle ear involvement, 
Begmmng m 1940 when the colony was approximately 10 years old, 70 additional adult rats 
9 to 14 months old were killed and exammed The madence of pneumonia m these rats was 
62 8 per cent. During this period 100 young rats, 1 to 3 months old, were also exammed and in 
contrast to the onginal findmgs 8 per cent showed pneumoma at autopsy 

As noted earlier by Hektoen (5) and by Nelson and Gowen (6), there was a marked vana- 
tion in the lung lesions from rat to rat and from lobe to lobe m the same rat In general 
two types of reaction were observed The first was characterized by partial or complete 
consohdation of one or more lobes with localized absccss-hke areas contammg exudate The 
second type showed small patchy or sphencal foa of consohdation which contrasted sharply 
with the surroundmg normal lung tissue when exammed with a dissecting microscope Low 
power magnification was regularly employ ed in the subsequent examination of the lung from 
both rats and mice The two types of reaction were about equally divnded, 21 of the 44 adult 
rats with pneumomc lungs showmg the first type and 23 the second 

Involvement of the middle ear is not a characteristic finding m endemic pneumonia as it 
IS m infectious catarrh No cases of ohtis were observed m the 50 adult rats ongmahy ex- 
ammed from the selected colony In the second examination 3 of the 70 adult rats showed a 
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panilent exad&te in the middle ean a rate of 4^ per cent as contrasted with 72 per cent In the 
adults from the unselect cd colony Two of these cases were observed before mouse testa 
were used but mJcroscopic examination of the exudates failed to show the characteristic 
coccobodlTifonn bodies of Infectious catarrh Hie third was tested in mice with results that 
pointed to a direct relation with endemic pneumonia^ Indicating that otlUs while rare may be 
an accompan^dng feature of the disease 

Endemic pneutDonia may also be accompanied by a frank rhinitis with a copious mu 
copunilent exudate present in the nasal passages but It Is of rare occurrence In the selected 
rat cokmy A low-grade imtatloQ of Uk nasal mucosa, particularly In adult rats Is some- 
times indicated by the microscopic presence of leucoc>*tes without definite exudation. 
SnufOlng may likewise be observed but is such a variable symptom that it Is of doubtful 
diagnostic value. It occurs in young rats with no c\*idence of pneumonia at autopsy and may 
be absent In adult rats with advanced lesions In the long 

The Nasal Insiillalton of Mice wUh Pnatmente Lung Suspensions from 
Adult Albino Rats 

The first experiment m which mice were injected mtnmaaally with a suspen- 
Bion of pneumonic lung tissue from old albino rats resulted m an mflammatory 
irritation of the lung, middle ears, and nasal passages. The symptoms and 
macroscopic pathologic findings o\ the infected mice were then indistinguishable 
from those of infectious catanh (7) and it was feared that this disease had re 
appeared in the previously free rat and mouse colonies Subsequent micro- 
scopic ezammation of these and other infected mice dearly indicated that this 
was not the cose and that a disease enti^ distinct from infectious catarrh had 
been transmitted to the mice through the agency of the rat lung suspension 

In the Initial experiment 5 white mice, 15 to 18 gm. in weight were injected IntrmnaaaDy 
while under ether anestheala with a lung suspension from two 12 months old »lWnn rata. The 
su^Kimon included both pueomonlc and normal appearing lung tissue whkh was finely 
divided with a glass tissne gnnder and diluted to a concentntioD of approximately 10 per cent 
with normal or buQered saline solution (pH 7 4) About 0 05 ml was instilled nasally in 
anesthetized mice b> dropping the suspension fiom a 8>TiDge on the nares. A similar pro- 
cedure was followed In all of the subsequmt work. 

Four weeks after Injection 3 of the 5 mice, which then chattered intermittently were 
killed and at autopsy showed consolidation of one or more lobes of the lung together with a 
purulent otitis and a mucopurulent rhinltia. The 2 remaining mice, whkh alw chattered, 
were used in a contact experiment but subsequently died and were not examined. 

From time to lime 13 additional transfers were made from diseased rats to 
mice All of these transfers were followed by a recognizable inflammatory 
reaction which was most commonly observed m the lung of the injected mice. 
In 8 mstances all of the 5 mice which were used with each transfer showed evi 
dence of pulmonary involvement at autopsy Six of the transfers failed to In- 
fect all of the mice, one or more bang normal throughout at autopsy In one 
case, only a smgle mouse showed evidence of disease 

Thirteen of the 14 mouse tromfers were made from the Princeton strain of albino rat and 
one from the Cornell strain All of the rata used in these experiments were at least a year old 
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and aU shovred lung lesions at autopsy In one transfer from the Prmceton strain the sus- 
pension was made from rmddle ear exudate 

Transmission of the Experimental Disease in Mice by Nasal Instillation 

The mouse disease experimentally mduced through the agency of the rat was 
readily transmissible from mfected to normal mice by the nasal mstiUation of 
lung suspensions Two separate mjection senes m mice ongmaliy begun with 
lung suspensions from the Prmceton strain of rat were mamtamed for 8 and 13 
passages, respectively The survivors of the 5 mice used with each passage 
were killed at mtervals of at least 4 weeks after mjection and mvanably showed 
unmistakable evidence of the disease at autopsy The mouse disease onginat- 
mg from the Cornell strain of albmo rat was also transmissible m senes and was 
mamtamed for 5 passages 

The Prmceton stram of white mouse used m these and the subsequent experiments Iiad 
been under dose scrutiny for many years with no mdicabon of respiratory disease Smce 
the transmission e^ienments mvolved the serial passage of lung suspensions, a method em- 
ployed for the detection of infective agents which are supposedly latent or mactive, parallel 
passage senes were conducted with lung suspensions from normal mice Five mice removed 
at random from the stock colony were killed and a 10 per cent suqiension prepared m sahne 
from the whole, normal appearing, pooled lungs This was mjected mtranasally m 5 nuce 
which were killed after 4 weeks and the same procedure contmued. Two separate senes 
embracmg the entire penod of the work on endemic pneumonia were earned out and main- 
tained for 25 and 10 passages respectively The lungs of the 175 mice used m these tests 
were aU normal at autopsy, at the end of the 4th week. In several passages a dupheate group 
of rmce were mjccted and kiUed 7 to 10 days later The lungs of these mice were also normal 

Transmission of the Experimental Disease m Mice by Direct Contact 

Prehmmary attempts to transmit the mouse disease by placmg 5 normal mice 
m the same cage with a smgle infected host for 4 weeks were largely unsuccessful 
Thu-teen of the 15 mice killed after a month’s exposure were normal throughout 
at autop^ while 2 showed only an otitis Subsequent experiments mdicated 
that the mcidence of disease for this time interval was not significant!}; affected 
by the number of mfected hosts to which the normal mice were exposed In- 
creasmg the proportion to equal numbers of each failed to mcrease the number 
of infected mice after 4 weeks of exposure The tune elapsing between nasal 
mjection of the infected hosts and theu- exposure to normal mice likewise failed 
to affect the rate of transmission It was equally low after a month m contact 
whether exposure was begim immediately after nasal mjection of the infected 
mice, 2 weeks later, or 7 weeks later 

The rate of contact infecUon was mfluenced, however, either by the duration 
of the exposure penod or by the length of tune the normal mice were held after 
exposure In 6 of 10 mice exposed for 8 weeks to an equal number of mfected 
mice the middle ears were mvohed though the lungs were normal It is of 
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some significance that the normal appearmg lungs from the mice with otitifl 
were infective on subsequent nasal injection, while those from the otltis-frce 
mice exposed for a penod of 4 wedta were non mfcctive The 4 survivors of 10 
mice exposed for 12 weeks and then held for an additional 20 weeks showed 
extensive pneumonia at autopsj in additnm to otitis, 

Transmxsston from Soxtreez OUier Than ike Lung and by Different Routez 

It was previously noted that the experimental disease was transmissible to 
mice by the nasal mjection of rmddle ear exudate from infected rats Middle 
ear exudate was similarly effective In its passage from mouse to mouse, as was 
also nasal exudate. In both cases the disease pattern was identical with that 
produced by lung suspensions Brain, spleen, and defibrinated blood from the 
heart of mfccted mice were innocuous, however, on nasal instillation 

Attempts to reproduce the disease by routes other than the upper respiratory 
tract were uniformly unsuccessful Mice injected m the foot pad, heart, peri 
toneal cavity, or bram with active lung suspensions showed no specific response 
The mtracerebral senes mcluded a second passage made with both Princeton 
and Swiss strains of imee The passaged brain was finally mjected mtranasally 
m Pnneeton mice with negative results 

The Appearance of Lestons tn Mtce KUIed ai Varying Inienalz 
cfler Nazal InztUlalton 

No reaction was observed in the lung, middle ear, or nasal passages of mice 
killed on the 3rd and 7th day after Injection The experimental disease was 
transmisable, however, from the normal appearing lungs removed on the 7th 
day 

Pneumonia was first observed on the 9th day after mjection, occurrmg in 
each of 5 mice, but otitis was delaj’ed until the 2l5t day, when 2 of 5 mice 
showed exudate in the middle cars. Rhinitis was apparent m only one mouse 
of this senes and was also observed on the 21st day Chattenng was noted as 
early as the 7th day following nasal instillation but was not characteristic until 
the 9th to the 14th day 

The Naiure of the ExpertmenJal Dtseaze in Mtce 

The followmg summary of the chief charactcnstics of the experimental disease 
is compiled from the records of several hundred infected mice examined at inter- 
vals over a penod of 3 years but embracing all seasons of the year 

CJuiiUnni — inltUl lyioptom wu an audible intermittent chattering obaerved as 
early as the 7th day after the nasal instillation of 10 per cxnt suspensions bat EDore commonly 
dels>'cd until the 10th to the 14th day It became more prominent as the disease pro gr esa e d 
and contnmed throughDUt the life of the host. 

Pntitmenia, — The rate of pneumonia in mice kDled 4 weeks after infection was high — 96 
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per cent m 100 mice. Macroscopically it was charactenMd by graj or pmkisli gray areas of 
consoLdabon which commonly appeared first at the attachment of a lobe but also occurred 
margmally or at the bp The imbal reacbon remamed localized or subsequently extended 
to mclude an entire lobe, the azygos and right middle bemg most commonly mvolved. The 
lobe at this bme was generally contracted and under low magnificabon appeared uniformly 
consohdated or show ed lobular areas of different consistency and color Abscess formahon, 
cavitabon, or the presence of a frank exudate on the cut surface of consohdated areas was 
not observed. 

Microscopically the early reacbon m which the lung showed isolated patches of consoh- 
dabon was characterized by the presence of exudate composed chiefly of polynuclear leuco- 
cytes and often sparse m amount nathm one or more bronchioles The l 3 rmphocyb rrplls 
around the mvolved bronchioles were moderately mcreased m number Radiabng outward 
from them were islands or strands m which the alveoh were completely filled with cells A 
large mononuclear epithelial hke cell often ptedommated but polynuclear leucocytes were 
also commonly observed together with a few lymphocytes The adjacent lung tissue was 
normal m appearance 

The later reacbon with lobar consohdabon showed a complete alterabon in the microscopic 
structure of the lung The chief feature was an mtense lymphocybc mfiltrabon around all 
bronchioles which were often filled with a leucocybc exudate The adjacent lung tissue 
contamed no open air spaces All of the alveoh were compressed and filled with cells, among 
which the large mononuclear cell was agam prommenb No mclusion bodies were observed 
OMts Media — The rate of middle ear mvolverocnt was also high — 94 per cent m 100 mice 
At autopsy a turbid exudate variable m volume and consisting chiefly of polynuclear leuco- 
cytes was present in the tympamc cavity Generally there was no other mdicabon of aural 
imtabon, equihbnum was unaffected, but in a few instances the tympamc membrane was 
under pressure and bulged outward 

JRhmlis — ^The rate of nasal mvolvement was low — 31 per cent m 100 mice Imtabon of 
the upper oir passages was judged by the presence or absence of a frank exudate removable 
with a capillary pipette When present the exudate vaned m consistency but was generally 
a rather thick, white, granular material showing a predonunance of polynuclear leucocytes 
An outward discharge from the nasal passages was never observed 

General Reaction — Prior to the onset of chattenng and for some bme thereafter infected 
mice commonly showed no other symptoms, though when weighed after 4 weeks, pnor to 
BUtop^, it was apparent that they had failed to gam weight normally As the disease pro- 
gressed signs of consbtubonal disorder began to appear The infected mice were unthrifty m 
appearance, often gaunt, and showed ruffed hair A few mice held as long as a year contmued 
to show the charactensbc features of the disease. Tr an s mi ssion to normal mice was ac- 
complished b> nasal passage from the lung 

Incubation Period —The interval elapsmg between nasal mjecbon and the appearance of 
symptoms or pathologic changes varied from 7 to 14 days 

Mortality —The disease was accompamed by a specific mortahty which mcreased as the 
progressed The overall rate for 65 rruce mamtamed for 4 to 22 weeks after nasal 
msbilabon was 33 per cent The inadence of deaths m mice durmg the 4 to 5 week period 
was 5 per cent, whereas the rate durmg the 20 to 22 week period was 65 per cenb 

DISCUSSION 

The preceding experimental findmgs clearly mdicate the regular establish- 
ment of a specific disease entity m mice by nasal transfer from the lung and the 
rarely mvolved middle ear of albmo rats with endemic pneumonia The disease 
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thus induced m mice is characterized a pneumonia which resembles that of 
the rat m its initial m\ oU ement of the bronchioles but differs m not progressmg 
to bronchiectasis. Unlike the rat, the mouse also shows a high rate of middle 
ear oh ement The nasal response m the mouse is similar to that m the rat, 
bemg characterized b> a \*anable but generally low rate of rhinitis. Sympto- 
matically and pathologicall} , aside from its lower rate of nasal reaction, the 
mouse disease closclj resembles infectious catarrh to which both the rat and 
the mouse are naturally subject As will be shown later, howe\'er, the two 
diseases can be readily differentiated m the mouse by the microscopic exami- 
nation of exudates 

The induced disease is regularly transmissible from mouse to mouse by the 
nasal instillation of lung or exudate suspensions There is no mdication that 
the de^ elopment of the disease m mice is influenced by a latent mfective agent 
present m the supposedly normal mice and activated by passage from lung 
to lung, the corre^ndlng loa in a parallel passage series mam tamed m normal 
mice bemg unaffected. 

Transmission by direct contact is also demonstrable but is less readily accom 
phshed and requires a long exposure or maintenance period to bnng out the full 
pattern of the disease The retarded development is probably correlated with 
the low rate of rhinitis and mdicative of a meager output of the causal agent by 
way of the nasal passages. The on^ manifestation of the disease m mice ex 
posed for 4 to 8 weeks is an otitis, the middle cars containing an exudate which 
IS fully infective on subsequent nasal passage. The lungs of mice exposed for 8 
weeks, though macroscopically normal, may likewise be infective. There 
would appear to be a difference in organ susceptibflity between the long and the 
middle ear, possibty’ related to an altered resistance due to the repeated inholg 
tion of subinfective increments of the causal agent and capable of expression 
only m the lung In our expencnce no ojunterpart of the mduced disease has 
been encountered m mice under natural conditions. For the disease to exist 
naturally it must be spread by direct contact. The long exposure penod re- 
quired for its development through cobabitationmaybealimitmgfactorin this 
connection. 

The disease established mitialty- m mice by transfer from the rat and subse- 
quently mom tamed by nasal transmission or direct contact is similar to infcc 
tious catarrh m its chromaty and slow mevitable progre ss from which there is 
no apparent recovery It is essentially pncumotropic, activity and gro wth of 
the causal agent bemg limited to the respiratory tract mcludmg the associated 
middle ears The distribution of lesions m the lung is, however, unlike that m 
infectious catani which may equally mvolve any of the five lobes In the 
present disease, while mitial lesions ina> be present m any lobe, subsequent 
extension with complete lobar consolidation is generally himted to the ngjit 
middle and exy^os lobes. The evident inability of the causal agent to extend 
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from the primary focus m the other three lobes even after months of residence 
there is likewise suggestive of the mterplay of an altered resistance 

SUMMARY 

A specific disease entity was established m white mice by the nasal instillation 
of lung and exudate suspensions from each of 14 adult albmo rats affected with 
endemic pneumonia 

The mduced disease was characterized by pneumonia (96 per cent), otitis 
media (94 per cent), and rhimtis (30 per cent) It progressed slowly after an 
mcubation penod of 7 to 14 days and was attended by a variable mortahty 
which reached 33 per cent m 22 weeks 

Mamtenance of the disease was regularty accomplished by direct trans- 
mission from mouse to mouse but only by the nasal route and only from the 
three foa of mvolvement It was also transmissible by direct contact but 
required a prolonged penod of exposure 

The relation of the disease to infectious catarrh, which it closely resembles, 
IS discussed 
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Endemic pneumonia of the albino rat is commonly regarded as an infectious 
dismse but its etiology is still uncertain, thou^ it has often been mvestigated 
and a wide vanety of bacteria isolated from the lung The opmion has also 
been expressed that the disease is not primarily bacterial m orgm but is referable 
rather to a non-specific pulmonary irritation with resultant bronchial ob- 
struction 

Assoedoied Bacterial Fadars — Klem (I) isolated a diphtheroid which he named 
B murts from the lung and heart's blood of two albmo rats with pneumonia acoom 
panied by hemorrhage and visceral hyperemm. Subcutaneous injection of the 
badllus b rats resulted only in a local abscess Mitchell (2) studied a bi^y fatal 
outbreak of pneumonia b albmo rats and Isolated the same organism from the lung 
It likewise produced a local abscess on subcutaneous bJeetJem and resulted b death 
with pleural mvolvement on btrapleural bjeetbn It was innocuous, ho?rever, 
when btroduced by the nasal route. 

Pneumonic lesioiis simnar to thene b endemic pneumonia of the albbo rat have 
also been reported b wild rats. The morbidity rate, however, is much lower m the 
wild rat. Tunnidlfi (3) reported one case of pneumonia b 28 wild rati, and we (4) 
observed six cases m 58 rats Wolff (5) isolated a hemophibc mffuenxa-llke badllus 
from wild rats with lesions m the lung On bjeetbn fa the rat by various routes 
bdudmg btiatiacbeal, it was toxic and often resulted m death but was not recover 
able from the organs at autopsy 

Tuimidiff (3, 6) observed a Gram negative streptothnx m 56 films from the lungs 
of 60 wbltc rats with brondiopneumonia and isolated it b culture from 20 Cultures 
were mjected m young rats but only btrapentoneally and with irregular results. One 
lat died 24 boms later with acute lesbiis b the lung from which the streptothnx was 
reisolated Hoskins and Stout (7) studied a distemper-like rat disease wbch was 
often accompanied by poeiunoaia In about half of the cases they Isolated B bron- 
chisepticus from the lung heart's blood, and nasal passages The pathogeniaty of 
the organism was not studied 

Jones (8) recovered a pleomoiphlc organism with terminal dublike, capsular 
fwellbgs from the lungs of white rats with pneumonia It doscly resembled Adxna- 
baallus octineides previously described by T Smith (9) as the probable cause of a 
pneumonia m calves. Because of the hl^ natural rate of pneumonia b the availaNe 
rats, it was impossible to evaluate the relation of the organism to the disease Meyer 
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and Batchelder (10) m their studies on plague observed an acadentally initiated 
epidemic m albmo rats of hemorrhagic septicemia with pulmonary mvolvement 
The assoaated and highly pathogenic organism, which also occurred m wild rats, 
was named Pasteurella munctda 

Nelson (11) studied the bacterial flora of the lungs from 40 albmo rats with pneu- 
monia AcUnobactlbis acttnoidcs (inuns) was most commonly encountered (35 per 
cent) as it also was from middle ear eiaidates (43 per cent) m otitis which at that tune 
was beheved to be a frequent accompaniment of the pneumonia. A pathogemc 
diphtheroid resembhng B murts of E3em was also isolated from the lung and middle 
ear but only occasionally It is of mterest that 42 per cent of the lung cultures 
showed no growth on blood-ennched agar plates Smith, Bethune, and Wilson (12) 
isolated an unidentified Gram-positive anaerobic coccus from the lungs of 16 white 
rats with pneumoma and a motile, Gram-negative aerobic bacillus from 10 Pure 
cultures of these bactena were innocuous on mtratracheal mjection Eleven of 17 
young rats with no roentgenngraphic mdication of pneumonia rejected wo the trachea 
with a mixture of the two bactena showed evidence of pulmonary mvolvement at 
autopsy 9 to 21 days later 

Kheneberger and Steabben (13) noted that rats with pneumonia were more often 
earners of the pleomorphic organism Slreptobactllus moniltformts than were normal 
rats They also noted the similanty between Slreptobactllus numthformts and the 
organisms described by Tunnidtff, Jones, and Nelson, and suggested their identity 
They isolated a pleuropneumonia-like organism, which resembled the earher one 
described by Kheneberger (14) as a symbiont of the streptobacillus,from the lungs 
of 17 out of 19 rats with pneumoma In a later and more extensive study Kheneber- 
ger and Steabben (15) recovered the same pleuropneumonia-like organism, now termed 
L3, from the lungs of 138 out of 251 albmo rats It was found m the lung of young 
rats m the absence of macroscopic lesions and the rate of its isolation mcreased as the 
rat matured Because of the high rate of carnage no defmite evidence could be ob- 
tamed of its etiological relation The suggestion was made that an adjuvant factor 
rmght be required to establish the organism as a pathogemc agent Warren (16) 
m the study of another speaes of the pleuropneumonia-like organism, the Woglom- 
Warrcn stram of L4, observed that nasal instillation m adult rats resulted m an acute 
mterstitial pneumoma with mononuclear leucocytes as a promment factor 

Assoctated Non-Bacter%ol Factors —Passey, Leese, and Knox (17) suggested that 
smee lack of reasonable exercise depnved the rat of full use of the lung, the resultmg 
stagnation of normal mucxius secretion rmght result m dilatation and mild saccailation 
with subsequent bacterial contamination The conUnued inhalation of dust particles 
from fitter and feed has also been noted m unpublished comments as a possible mitiat- 
mg factor 

The Baclermlagical Exaimnaiton of Selected AUnno Rats anth Pnemtonta 

Our early work with endemic pneumonia was earned out with rats which 
when mature showed a high rate of otitis m addition to pneumonia The 
frequent isolation of Achnobaedbts muns from both loa, particularly the 
middle ear, coupled with the observation that it produced an mflammation 
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within the tympanic cavity on intraaural injection led us (18) to beheve that it 
was of etiological significnncn. The subsequent eiaramation of rats from the 
so called selected colony ongmally established with disease free breeders clearly 
indicated, however, that Actinobaallus muns was merely a secondary mvader 
and that the high rate of otitis observ’cd prior to selection was not associated 
with the pneumonia (19) Middle ear involvement was reduced to a low level 
m the selected rats and to date has never exceeded 4 per cent whereas the 
pneumonia was not significantly affected and is still hi^ m mature rats With 
the reduction m otitis, AcitnobactUus muns disappeared from the colony 
and has not been reintroduced. All attempts to cultivate it from the lung 
and occasional middle car exudate have been unsuccessful though from time 
to time It has been isolated from rats obtamed elsewhere. 

As previously noted, a high rate of otitis is characteristic of infectious catarrh 
which, it may be presumed, was present in the original rat colony together with 
endemic pneumonia but unlike the latter was eliminated by selective breedmg 
The oiccobadlliform bodies which are the cause of infectious catarrh have never 
been demonstrated m exudates or tissues from the selected rats. 

Many attempts were also made to recover pleuropneumonia like organisms 
from the lungs of selected rats with pneumonia using media known to support 
growth of these organisms but were uniformly unsucccssfuL 
BntceUc hronchtsepitcc was occasionally isolated from the lung of pneumomc 
selected rats, but neither it nor any other cultivable organism was recovered 
su^aently often or in sufficient numbers to be of etiological importance 

The BadenoUfgtcai Examinaiton of ExpertmoniaUy hifecUd WhU Mice 
The transmission of a communicable respiratory disease to mice (20) by the 
nasal mstihation of lung suspensions from rats with pneumonia clearly mdicated 
the association of an infective agent and provided an additional means of 
isolation and study The resemblance between this disease m the mouse 
and infectious catarrh to which it is naturally subject has already been 
noted The most dependable guide m the diagnosis of infectious catarrh is the 
microscopic exammatioa of exudate from the middle cars and nasal passages, 
Gram-stamed films regularly showmg extra or mtracellular coccobaalhform 
bodies. Tissue and exudate film s from mice with the expenmentalty’ mduced 
disease were repeatedly examined but morphologic umts resembling the cocco- 
bacflliform bodies were never observed This difference between the two 
diseases when exammed in parallel senes was porticnlarly stnking 
Microscopic and cultural examination of tissues and exudates from mice with 
the mduced disease was also carried out with the view of demonstrating pleuro 
pneumonia like organisms 


The roedhim most cotmnocly employed In the tnminiUoc of both mke and rats was nn 
tdent agar, pH 7.6 to 8.0 enriched with serum from defibrinated bone blood the concentra 
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Don being appronmately 30 per cent Asabc fluid and horse serum fortified with an equal 
volume of a 10 day egg embryo extract were also used in some instances Petn didies of 
these media were moculated fairly heavily and then sealed with scotch tape The moculum 
mcluded 10 per cent suspensions of lung m salme solution and exudates both undiluted and 
on dilution with salme The plates were mcubated at for 7 to 14 days and inspected 
at mtervals under low power magmfication Films of exudate were exammed microscopically 
after stammg with Gram and Giemsa, respectively 

Colonies of pleuropneumotua-like organisms were never demonstrated on 
moculated horse serum agar or asatic fluid agar plates at any stage of the 
disease Dunng part of the examination a member of this group of organisms 
isolated from another source was mamtamed for many transfers on Rimilar 
media The microscopic exammation of exudates likewise failed to show any 
of the morphologic forms characteristic of the pleuropneumonia-hke group 

The moculated plates generally showed few bacteria of any species and none 
were isolated which were of any etiologic significance 

Ttlralwn of the Infective Agent tn Lung Suspensions from Mice 

Titrations were made to determme the minimum infective dose of the 
unknown agent present m the lung of mice with the mduced disease. The 
results of four experiments were identical m estabhshmg 10*^ as the highest 
dilution of the lung which retamed activity on subsequent nasal instillation m 
mice Each of the four ongmal suspensions produced lung lesions m all of the 
mjected mice through dilution 10® In the higher dilutions there were m- 
dividual differences which are summarized m Table I It is of some mterest 
that m the upper dilution range a number of the mice showed mvolvement only 
of the middle ears 

In the above eipeninents the pooled lungs, cotnpnsing both normal and involved tissue, 
from mice killed about 4 weeks after nasal instillation were weighed and groimd m a Waring 
blendor with sufficient buffered salme (pH 7 4) to make a final concentration of 10 per cent. 
The resultmg suspensiona were centrifuged at low speed for IS nimutes to remove coarser 
particles and subsequently diluted at tenfold mtervals from 10* through 10® The volume of 
inoculum was mcluded m the fitml dilubon Unless otherwise noted, the same procedure was 
followed m all of the subsequent btrabons Five mice weighmg 15 to 18 gm were mjected 
mtranasally while under ether anesthesia with 0 05 ml of the respecbve dilubons and au- 
topsied 4 weeks later The condibon of the lung under low power magmfication was used as 
an mdex of infection If the lung was normal the middle ears were exposed and exammed 
for the presence of exudate 

Fillrability of the Infective Agent tn Lung Suspensions from Mice 

(Qualitative filtration expienments with lung suspensions mdicated that 
Berkefeld V filters were generally permeable to the imknown agent but that 
N filters were not The V filtrates, m a dilution of 2 X 10" , of 3 out of 4 lung 
suspensions were infective for mice on nasal mstdlation while equivalent 
dilutions of the 4th V filtrate and of 3 N filtrates were innocuous There was 
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a considerable quantitative loss m the activity of the lung suspensions after 
passage through V candles In two experiments the titer of the infective agent 
was reduced from 10^ to 10* and 10*, respectively The limiting dilutions of 
both filtrates produced lung lesions m only one of the 5 mice which were in 
jected None of these mice showed involvement of the middle ear, but an 
otitis m the absence of pneumonia was observed m other mice of the same 
scries. 

The suspendoDS used in the filtration teats were made from the pooled and entire longs of 
mice killed 4 weeks after nasal instQlatioo The hing tlasne was finely ground either In a 
glass tissue grinder or in the \\ ariog bkodor and suffidcnt nntnent bouillan added to make a 
final concentration of 10 per cent The su^>aLdon5 were centiifoged at low speed for J5 


TABLE I 
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minutes and the supernatants filtered through number 3 V and K Beikefekl candies. The 
filtrates showed no cokjD> g rowth on sealed 30 per cent horse seram agar plates. 

SedtmaUaiton of the Infective Agent by Centrifugation 
The inability of the infective agent to pass through N Berkcfeld filters 
suggested that its particle size mi^t be comparable to that of the pox viruses. 
Accordmgly, experiments w e re earned out to dctennme whether it simulated 
the elementary bodies m its response to centrifugation Infective limg suspen 
ions were spim at a pp r ox imately 3500 tup u. in a small angle centrifuge and at 
3700, 5000, and 9000 In a Pickels type centrifuge, Quahtativc tests of 
the respective sediments and supernatants m mice mdicated that the infective 
agent was present m both fractions at speeds through 5000 ilpoi but only in 
the sediment at 9000 rj.ii 

Quantitative tests were then made with 3 different lung suspensions, the 
initiftl concentration of the infective agent faemg compared with that of the 
feupematants and sediments after centnfugmg at 9000 r p.ii In 2 of the sus- 
pensions which titered 10* and 10’, respectively, before centrifugation the 
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infective agent was present in equivalent concentration in the sediments but 
was not demonstrable m the supernatants In the thud suspension, which 
hkewise titered 10'' mitially, all of the agent was not removed by centrifuging, 
the titers of the sedunent and supernatant bemg 10® and 2 X lO’ respectively 
In this experiment, which is summarized in Table II, some of the mice which 
received higher dilutions of the inoculum agam showed middle ear involvement 
m the absence of pneumoma 

Pleuropneumonia-hke colomes were not demonstrable on serum agar plates 
moculated with sediments pnor to resuspension, nor were the characteristic 
morphologic imits observed m Giemsa- or Gram-stamed films Sediment 
films impregnated with silver by the Morosow method did show, however, 
mtensely black and sharply outhned spherical particles which were smaller 
than the elementary bodies of vaccinia 'This oberservation was of some 
mterest smce the sedimentation tests mdicated that the infective agent, while a 


TABLE n 

Ttlraltcn of the Infective Agent before and after Btgh Speed Centnfngaiion 



No of mice 

1 No of mice infected with each dflution 


Nature of the lospeoiiion 

with each 
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* 2 mice showed oUtis only 


relatively large sized particle, was probably smaller than the elementary 
bodies The sediments were not suffiaently pure, however, to warrant identi- 
fication of these particles 

Tti the preceding centrifugation tests 10 per cent suspensions of pooled entire mouse lungs 
Were prepared in buffered saline by grinding for several minutes m a Waring blendor, the total 
volume bemg 50 mb After centrifuging at low qjeed for 15 mmutes, 15 ml amounts of the 
supernatants were spun at high speed for 30 minutes On removal of the supernatant the 
iimall amount of sediment was resuspended m sufficient buffered saline to restore the ongmal 
volume The original suspension and the two fractions after high speed centrifugation were 
tested in mice by nasal instillation Before the sediments were resuspended they were inocu- 
lated on sealed 30 per cent horse serum agar plates which were mcubatcd for 7 to 10 days 
Dried films were also stamed by the Giemsa, Gram, and Morosow methods 

CtdHvahltly of the Infective Agent in Embryonated Eggs 

Attempts to cultivate the infecUve agent m embryonated eggs by chono- 
allantoic, ammotic, and yolk sac moculation were uniformly unsuccessful 
Aside from a few eggs that were contammated with bacteria, the embryos were 
normal and active through the 7th day of mcubation after moculation and 
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no pathologic changes were apparent m the supporting membranes. Tissue 
suspensions made after several blind passages were inactive on nasal mstillation 
m mice. 

Sactena free long aod exudate BuspenaocS) active Mdlmeati, and active V filtrates were 
used In tbe inoculation of eggs. 0i)5 to 0 1 mL of the Inocolmn 'was injected in 10 day em 
b r yo nated hen t eggs by way of the chonoallontolc membrane and amnlotk cavity and In 6 
day eggs by way of the > oik sac. The moculated eggs were Incubated at 37*C and opened 
on the 3rd to 7th day After a number of passages, which vaned from 2 to 10 suspcnsloiifl 
were made from the chorioallantoic membrane and yolk sac and injected intTanasally in mice 

Vtcbilily of the Infective Agent on Storage at Low Temperoittres 

The infective agent was unstable under oitiinary conditions of refrigeration, 
10 per cent lung suspensions In buffered saline being inactivated after a week 
at 40'’C In a frozen state under dry ice it remained viable, however, for a 
period of at least 13 weeks 

Identity of the Agent tn ExperimenioUy Infected Mice 

Although no certain test for identifying the infective agent was devised and 
the supportmg evidence was largely arcumatantial, it seems piennissible to 
condude that the same agent was present m all experimentally mfected mice 
and was originally transmitted to them from the rat The behavior of the 
agent m respect to its localization in the host was suffidently characteristic to 
serve as a partial guide Supplementary information was supplied by the 
microscopic eiammation of exudates and the cultural exammaticm of lung 
suspensions. Instances m which mjccted mice showed involvement only of the 
middle ear were followed by an additional passage which always brought out 
the full pneumotropic activity of the agent As mchcated m the precedmg 
paper (20) the serial passage m mice was adequately controlled by the parallel 
examination of normal mice which yielded no counterpart of the infective agent 

DISCUSSION 

It 15 difficult to appraise much of the early work on endemic pneumonia of the 
albmo rat because the entena for judging the significance of a given agent were 
inadequate. It is our opmion that any unknown agent should meet certain 
requirements m addition to the original Koch postulates to establish a causal 
relation to the disease m question It is eoential that the agent reproduce the 
basic features of endemic pneumonia when mtroduced m a pure state by way of 
a natural portal of entry, which m all probabflity is the upper respiratory tract 
Moreover, the agent should be expenincntally transmissible by nasal passage 
and naturally so by cohabitation None of the described bacteria have met 
these requirements and it seems justifiable to conclude that the etiology of 
endemic pneumonia IS still uncertain. Some of the associated microorganisms, 
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as BfuccUd bronchtsephcd and Pasicufdlc ntunada, undoubtedly produce 
pulmonary reaction m the rat but are unrelated to endemic pneumonia and 
isolated from the lung of infected rats are present only as secondary mvaders 

Cntical study of endemic pneumonia has been particularly handicapped by 
the lack of suitable rats, the disease bemg universally distnbuted m so far as is 
known An additional source of error has been the coexistence of infectious 
catarrh which may simulate endemic pneumonia m its imtial mvolvement of the 
lung By usmg specially selected rats we were able to ehmmate infectious 
catarrh and also to rule out Achnobacillits muns {StreptobacMus mmtliformts) 
as a significant factor but still had to contend with a high rate of endemic 
pneumonia m adult rats The disease may also appear m ydimger Animal*; but 
m general the immature rat fails to show macroscopic evidence of pneumonia 
under natural or experimental conditions of infection and appears to be re- 
fractoiy It was for these reasons that an alternative host was sought and the 
mouse finally chosen 

It was subsequently found that an infective agent was regularly present m 
the lungs of adult selected rats with pneumonia, which on transfer to mice 
hkewise gave nse to a pulmonary inflammation Bactenological exammation 
of lung suspensions and exudates from experimentally infected mice as well as 
from naturally infected selected rats failed to demonstrate any of the bacteria 
isolated by previous workers Because of the high madence of pleuropneu- 
monia-hke organisms reported by Klieneberger and Steabben (15) m the 
pneumomc limgs of rats, particular attention was paid to these bacteria 
It has already been noted that the morphologically similar coccobacillifonn 
bodies of infectious catarrh were not demonstrable m the experimentally m- 
fected mice The repeated attempts which were made to cultivate pleuro- 
pneumonia-hke organisms usmg adequately enriched media and to demonstrate 
them m films were hkewise uniformly unsuccessful 

In view of the mabihty to identify a cultivable organism with the infective 
agent, experiments were earned out to determme whether it had the char- 
acteristics of a virus The results mdicated that the agent was filtrable, though 
not readily so, and suggested that it was a particle somewhat smaller than the 
elementary bodies of vaccmia. Like the elementary bodies it was refractory to 
stainmg with the usual anihne dyes, but unlike them was not cultivable m 
embryonated eggs nor able to withstand a temperature of 40'’C for a period 
longer th an a week These findmgs while broadly suggestive of a virus might 
hkewise be apphcable to a pleuropneumonia-like organism The only dif- 
ferential characteristics at present are the mabihty of the agent to multiply m 
a cell-free medium and its tmctonal properties Smee these characteristics 
might be referable to techmeal mequahties, it seems advisable to regard the 
agent as virus-hke m nature and defer a final decision until additional obser- 
vations have been made of its behavior 
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The vims-like agent fulfills the esscn^ postulates for identifying it as the 
specific cause of the expcnmentally produced mouse disease These postulates 
have not been fulfilled for similarly identifying it with the rat disease and imtil 
this is done it can be concluded only that the agent is a frequent resident of the 
lung m endemic pneumonia. 


SUm£AB\ 

Coccobaaliifonn bodies, pleuropncumoma like organisms or other cul 
tivable pathogemc bacteria were not demonstrable in lung and exudate sus- 
pensions from selected adult rats natural^ infected with endemic pneumonia 
or from expcnmentally infected mice. 

The specific factor m lung suspensions from mice was identified with an agent 
which was active on dflution through 10^ It failed to pass through Berkefeld 
N filters but was generally present In V filtrates, with a loss m titer up to 1000- 
fold It was largdy removed from suspension on centrifugation at a speed of 
9000 bj*ji for 30 mmutes. 

Attempts to cultivate the agent m embr^ onated eggs were uniformly im 
successful In fluid suspension it foiled to withstand storage at 40®C for a 
week but remained viable for at least 3 months m a frozen state under dry ice 

The relation of the infective agent to viruses and to pleuropneumonia 
like organisms is discussed 
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INFLUENCE OF EXPERIMENTAL KIDNEY DAMAGE ON 
mSTOCHE^UCALLY DEMONSTRABLE LIPASE 
ACTIV1T\^ IN THE RAT COMPARISON WITH 
ALKALINE PHOSPHATASE ACTIVITY 

By M WACHSTEm, Ma> 

{From Pic Lahoraiortes of the EUtahdh A Eorion Ifemorial EoeptUHf UiddleUnenj 
New Torkj and the Mount Stnoi EospUal, New York) 

Plates 1 and 2 

(Received for pubbeation, Fcbniary 23, 1946) 

The introduction of methods capable of demonstrating both alkaline (1, 2) 
and aad phosphatase (3) in tissue sections has led to mteresting results con 
ceming the distribution of these enzymes The kidney was found to contam 
a large amount of alkaline phosphatase, predominantly in the cortical portion 
(2, 4 h 5) Under various experimental conditions changes m the amount and 
distribution of aJkalmc (7-12) as well aa of aad phosphatase (11) have been 
described 

In the present investigation, lipase activity was studied m the normal 
kidney of different animals and under vaiymg exp erim ental conditions m the 
rat, usmg Gomon’s recently published technique (13) Sections were also 
stained for alkalme phosphatase activity in order to compare the influence of 
experimental damage on two different, microtechnicaliy demonstrable enzymes. 

Material and Methods 

Eidaey sections from normal dogs and rats of the WIstar sUmln rahtats, mice, hamster* 
and gtdnea pigs were used Kidney damage hi rats was caused by subentaneoos infections 
of mercniy bichloride and uranhnn mtrate, dietary choline defiaency and hgation of the 
ureter 

lipase activity was demonstrated \ry Gomoti a method with some modificatiocis, Hiis 
technique Is based on the depodtian of msohible caldom pelmitate or stearate if the sections 
are incubated with a water'Solubk ester of palmitic or stearic acid m the presmee of caldnm 
chloride. The pahmtate formed at the site of lipase activity is visualized by trans* 

forming It into Its lead salt and demonstrating the lead by changing it into dark brown sul- 
fide. The tissue was fixed in Ice cold acetone for 24 hours, with one or two changes of the 
acetone, placed for 24 hours in absolute alcohol, and left for 1 to 2 hours In xylol and for another 
2 boon In pwrafFm at 56 C. By using this procedure, seilal sections can be stained for lipase 
as well as alkaline and add phosphatase activity Instcid of a maleate boiler the acetate 
barbital sodium buffer of Mlchadls (14) was used m the In Cuba boo mixture. 5 parts of a 
sohition containing 9 714 gm, sodium acetate, 3HiO and 14.714 gm barbital-soduim (sodium 
dlethylbarhiturate) In 500 cc. COrfree water 5 parts of N/10 hydrochloric and, and 10 parts 
distilled water will give a suitable buffer soludon of pH ±7 4 Tween 40 (sorbitan moo- 
opahnitate, Atlas P ow der Co., WHmington Delaware) served as substrate. The sEde* were 
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incubated from 40 to 48 hours at 37°C Each shde also contamed hver tissue The latter 
shows a constant amount of hpase activity (13) and served as a good control for the quahty 
of the preparation 

Phosphatase acUvity was demonstrated with Gomon’s techmque as modified by Kabat 
and Furth (5) with mmor alterations (11) No counter stam was used In order to vis- 
ualize preformed calcium, which m most cases cannot be distmgmshed m sections prepared 
for the demonstration of phosphatase activity, the foUowmg techmque was used Shdes were 
covered m the usual way with a 0 25 per cent solution of celloKhn m equal amounts of absolute 
alcohol and ether and placed for 15 minutes m a 2 per cent solution of cobalt mtrate. After 
washmg m tap water, they were immersed for 1 mmute m a dilute solution of ammomum 
sulfide This stamed most of the preformed calaum deposits black After washmg m tap 
water, the shdes were brought mto the mcubabon mixture used for demonstration of alka- 
hne phosphatase activity A few drops of dflute ammomum sulfide were added to this mix- 
ture The shdes were then mcubated for 10 to 14 hours at 37°C They were, after washmg, 
placed for 15 mmutes in a 2 per cent cobalt mtrate solution The formed cobalt phosphate 
could be demonstrated by covermg the shdes with a saturated alcohohc solution of dithio- 
oxamide (rubeamc aad — Eastman Kodak Co ) to which a few drops of ammonia water were 
added Cobalt forms complex salts of rubeamc aad, which are msoluble m water and 
dilute mmeral aads, and appear as mtensely colored yellow-brownish preapitates (15) 
The preformed calaum which has been stamed black contrasts well with the yellowish 
brown cobalt complex salt of rubeamc aad agnifymg phosphatase activity Gomon's 
method (16) for simultaneous staimng of preformed calaum and phosphatase activity 
could not be used smce acndme red Gruebler, essential for this techmque, could not be 
obtamed 


Lipase Actmly in the Kidneys of Normal Animals 

All the speaes examined showed evidence of hpase activity It was moderate 
in the kidneys of guinea pigs, rabbits, hamsters, and mice, irregularly dis- 
tributed m the kidneys of dogs, and present m large amounts m the kidneys of 
rats It was found only m the cortical portion of the kidney and was re- 
itncted to the proximal convoluted tubules (F ig 1) It was present only m the 
[ytoplasm and not m the nuclei In contrast to the appearance of a lk a lin e 
ohosphatase, it was not concentrated at the brush border but diffusely dis- 
tributed throughout the cytoplasm of the cells (Fig 2) The deposits of lead 
sulfide, signifymg hpase activity, were granular but not infrequently formed 
ine needles The deposits, m general, seemed to be more distmctly granular 
(vhen barbital was used mstead of the maleate buffer Occasionally, the 
ipithehum hnmg of the kidney pelvis showed some activity The distribution 
)f hpase activity m the cortex of the proximal convoluted tubules corresponded 
dosely to that found for alkalme phosphatase The latter is also found pre- 
iominantly m the proximal convoluted tubules Alkalme phosphatase activ- 
ty, however, is found not only m the cytoplasm but also, to some extent, m the 
luclei of the convoluted tubules Phosphatase acUvity also appears m the 
ytoplasm of the ascendmg hmbs of Henle m the dog (4), mouse, and rabbit 
’9) In the rat a very extensive reaction is seen m most of the tubules situated 
n the cortex Menten, Junge, and Green (17) obtamed a similar picture by 
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using a histochemical azo dj e test, Thty concluded that m the rat hidney the 
cytoplasmic phosphatase is foimd not onlj in the proximal convoluted tubules 
but also m the loops of Henle and m the distal convoluted tubules. However, 
m our preparations of normal rat ladnciTS, even after long mcubation no cj 
toplasmic activity was found in the tubules situated m the medulla where the 
loops of Henle can easily be identified There was, however, a varymg amoimt 
of phosphatase activity m the nuclei of most of the tubules as well as of the 
capiUanes m the medulla The glomeruli frequentfy exhibited pronounced 
activity m the rat (11), mouse (17), and dog 

Effed of Pouontng vnth Meracry Bxchlonde 

Eleven rats varying from 150 to 250 gm, were given one subcutaneous m* 
jection of 1 to 2 mg mercury blchlonde m a 4 per cent solution Five animals 
were sacrificed or died after 3 to 5 days These animals showed acute changes 
while those sacrificed later showed dionges which ob^^ously represented a 
subacute or healing stage. In the acute phase, extensive necrosis of the 
convoluted tubules was seen In many of the necrotic tubules, no cellular 
details could be recognized, while m others the degenerative changes were less 
severe Frequently necrotic cells separated from the basal membranes and 
were expelled mto the tubular lumen In many of the excretory tubules, 
granular material was seen In two kidneys frequent mitodc figures were 
noticed The glomcruh were essentially normal. In four out of five kidneys 
calcification was seen which was very extensive in three cases 

SoToki (18) on the btsu of viUl itoinlng with caxmiDC, loadlied the damage in the lut 
third of the convoluted tubules in the rmbhit, Simimmda and Hepler (19), oaing the fat con> 
tmt of the terminal portion of the convoluted tubule* as a meant of identiScation confirmed 
these findlnga. Edwards (20) by teaaing the macerated kidney of dlScrcnt animal* under 
the mkroscope, found however that the damage was mainly locaUxed in the second and third 
quarter* of the convolnted tubule* and that the most distal portion remained frequently un 
damaged 

The kidntys of three animals sacrificed after 8 to 15 days showed only focal 
changes. Some of the cells In the convoluted tubules had an irregular ap- 
pearance with prominent hyperdiromatic nuclei A few necrotic tubules were 
still present In the deeper portion of the oirtcx near the medulla, occasional 
tubules were dilated and had a somewhat atrophic epithehum. In the kidneys 
of the three remaining nnimnla, killed after 13 to 18 days, the changes were 
much more distmct. Focal dilation of the convoluted tubules was seen in 
many places mostly near to the medulla In these tubules, the epithehum 
was flattened and appeared atrophic. Occamonally, a few more normal 
appearing cells were mterspersed m a row of markedly atrophic cells. In one 
case, mterstitial areas of fibroblastic proliferation were observed Occasionally, 
tubules still contamed frankly necrotic cells. Small deposits of calcium were 
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seen only in one case Few of the collecting tubules contained casts The 
gbmeruh were essentially normal 

Lipase ActivUy ^In the kidneys of animals showmg acute changes, hpase 
activity was only moderately decreased Desquamated necrotic cells still 
contained the enzyme, but took the stam diffusely There was, however, 
moderate to marked depletion m some of the damaged convoluted tubules 
Occasional hpase activity occurred m the tubular casts 

In the subacute cases depletion of hpase activity was obvious m the atrophic 
and dilated tubules wherever changes of these sorts were found m hematojylin- 
eosm preparations (Figs 3 and 4) Occasionally, the dilated tubules contamed 
flat cells devoid of hpase activity mtennmgled with more normal appeanng 
cells showmg distmct activity 

Plwsphatase Activity — The changes m alkalme phosphatase activity were 
quite sunilar to those m hpase activity There was moderate depletion of the 
kidneys showmg acute changes As previously described by Hepler and his 
coworkers (7, 21, 22), the necrotic tubules were frequently diffusely stained and 
desquamated cells were still active though often less mtensely so than undam- 
aged tubules The chromosomes of mitotic figures showed activity, as pre- 
viously desenbed for the dividmg cells m other tissues (22-24) Amongst 
many casts, occasional ones were positive 

By usmg the techmque which permits a simultaneous demonstration of 
preformed calaum and phosphatase, it could be seen that necrotic, phosphatase- 
contaimng cells were the seat of begmnmg calcification As the calcification 
progressed more of the phosphatase disappeared In segments of tubules that 
were extensively calcified, stamable phosphatase could no longer be discerned 

In the subacute cases, marked depletion was seen m the atrophic and dilated 
tubules while the tubules which appeared normal in preparations stained with 
hematoxyhn and eosm showed a normal amount of enzymatic activity 

Effect of Poisoning itnlh Uranium Nitrate 

The anatomical changes observed m the kidneys of various animals receiving uramum 
mtrate mcludmg the rat, have been desenbed by Suruki (18), Ohver (25), and Breedis, 
Flory, and Furth (8) m connection with the changes m alkahne phosphatase activity 

Ten albmo rats vaiymg from 150 to 325 gm were used They were given 
a smgle dose of uranium mtrate vaiymg between 1 5 and 3 mg subcutaneously 
Four animak that died or were killed 2 to 3 days aftet the mjection showed 
extensive necrosis of the tubular epitheUum The damage was located pri- 
marily m the distal portion of the proximal convoluted tubules, although it 
extended mto Henle's loops and even mto the distal convoluted tubules 
Mitotic figures were quite frequent m the epithehum of the proximal convoluted 
tubules Many of the distal convoluted tubules and excretory ducts contamed 
granular material denved from the destroyed epithelial cells Deposition of 
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calauin mostly occurring in the distal portions of the proximal convoluted 
tubules was observed m one animal within 2 d&ys after the mjection 

Six of the animals were killed after 7 to 25 days Their kidneys showed 
\'anous degrees of damage Necrotic cells were still noticeable Some 
tubules showed mitotic figures and m addition, in some of the tubules, mul 
tinudeated cells were quite prommenL These cells, according to Ohver (25) 
ore ccmcemed with the regeneration of the necrotic epithehum Hyaline casts 
lying m the distal convoluted tubules and excretory ducts were found in 
several kidneys Many of the pronmal convoluted tubules were markedly 
dilated The epithehum was flattened In other areas, the epithelium of the 
proximal convoluted tubules appeared atrophic, with a small or even collapsed 
lumen Inflammatory changes and proliferation of the connective tissue ac 
companied the atrophy of these tubules os pointed out by Suruki and Oliver 
The glomeruh showed only httle changes 

Lipase Activity — ^In the acute cases, there was moderate depletion of hpase 
m the necrotic tubules In some the necrotic cells took the stains diffusely 
Occasional necrotic cells showed very httle cnxyme while the undamaged cells 
contamed a normal amount 

In the kidntys of the six rats which were sacrificed after 7 to 25 days, the 
depletion was quite distinct wherever tubules were dilated and showed atrophic 
epithelium Frequently these epithelial cells were free from any activity The 
activity in normal appearing cells varied, mostly they showed a normal amount, 
but occasionally, it was depressed Many of the casts showed conspicuous 
hpase activity The mtense staining reaction m these casts was not due to 
calaum deposits, smee calaum stains m control sections were negative 

Phosphaiase Activity — ^The changes m phosphatase activity resembled closely 
those described by Breedia, Floiy, and Forth (8) In the acute stage there was 
diffuse staining of necrotic tubules and moderate depletion m some of them 
Casts were frequently positive. In the more chronic cases there was marked 
depletion m the atrophic and regenerating epithehum Mitotic figures showed 
phosphatase activity Most of the glomeruh showed strong phosphatase 
activity As m mercury poisomng, calaum was deposited m necrotic cells 
which frequently still contamed abundant phosphatase 

Efed of Choline Deficiency 

Tlif moipbobsical chAnges occamng in rhnKn« defidency hAve been detenbed prevlonsty 
(11 26-28) In the Acute stage they consisted mainly of n^rosis of the cortical tubules sod 
degenerative chAoges In tubules not con^lctcly necrotic, with accomulAtion of extra vssa ted 
blood between the connective tmue of the capsole and the outer surface of the cortex. In 
fHHtrirm intense hyperenua of the capillAries of the cortical portion of the kidney with blood 
extravasation, was a very prominent feature in many areas. Addophffic material in the form 
of was found in the lumen of Henie s loops, distal ctmvoiuted tubules, and most ex 
tenslvely In the collecting tubules. 
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The kidneys of seven animals with acute changes and of six with subacute, 
were available for study The diets used for the production of the typical 
kidney lesions have been reported previously (11) The highest madence was 
observed in male weanhng rats, given an experimental diet contammg 8 to 10 
per cent of fibnn and 0 3 per cent C 3 rstme as protem source 

Animals which were sacrificed after 50 days on the expenmentaldiet presented 
changes which were designated as subacute In this stage, the extravasated 
blood and the congestion had disappeared Many of the cortical tubules were 
atrophic and theur cytoplasm was strongly reduced There was marked con- 
densation and proliferation of the connective tissue stroma around the atrophic 
tubules and also fibrosis of the renal capsule Only a few casts had remamed 
Occasionally the collecting tubules were dilated In some cases, only small foa 
of atrophic tubules were observed, while m others most of the cortical tubules 
were atrophic and only small dusters of normal appeanng convoluted tubules 
remamed 

Ltpase Activity — ^In the acute stage, hpase activity showed marked reduction 
which was most evident m the outer portion of the kidney cortex, where necrosis 
of the tubules was most promment (Fig 5) Many of the necrotic tubules 
showed no activity while others revealed some Occasionally, necrotic cells 
showed diffuse brownish staimng Reduction of hpase activity was found not 
only m completely neaotic tubules but also m tubules that were not so 
severely damaged as evidenced by theur stiU mtact nudei The degree of re- 
duction m hpase activity was not uniform and vaned m different fields Most 
of the casts m collectmg tubules were devoid of activity although an occasional 
one showed famt stammg 

In the subacute stage the hpase stam revealed marked depletion m the 
atrophic tubules (Fig 6) Most of them were completdy devoid of hpase 
while occasionally some of them showed faint traces of the enzyme Con- 
voluted tubules showmg a normal appearance m hematoxyhn and eosm stains 
also revealed a normal amount of hpase activity 

Phosphatase Activity — ^The changes m phosphatase activity have been de- 
scribed previously (11) In the acute stage, marked reduction was found m 
the necrotic cortical tubules The degree of reduction varied m different cases 
and also m different sections of the same kidn^ Some of the casts filhng the 
tubular system showed stammg 

In the subacute stage, the depletion of phosphatase mthe atrophic tubules 
was even more distmct Only the convoluted tubules that appeared normal 
m hematoxyhn and eosm preparations showed a normal amount of phosphatase 
activity Most of the glomeruh showed very marked activity 

The Changes in Hydronephrosis 

In twelve adult white rats, the left ureter was ligated The a nim a l s were 
killed 10 to 12 days after the operation Among them, five showed mild to 
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moderate and seven marked hydronephrosis In stained sections, there was 
dilation of the tubular S}*8tem ertendmg to the outer portion of the cortex m 
those kidneys m which marked changes were present The capsular spaces of 
the glomeruli were frequently distendecL The extent of the dilation was not 
uniform It was marked m some areas and less m others The epithelium in 
dilated tubules was flattened 

Some kidneys showed collapse of some of the proximal convoluted tubules 
This phenomenon has been described m detail by Suzuki (18) who distinguished 
three penods m experimental h 3 'dronephroais of the rat and rabbit The first 
period, after bgation of the ureter, is characterized by the general dilatation of 
the tubular system and the capsular glomerular spaces. This is followed by a 
second period, characterized by the collapse of the proximal convoluted tubules 
and the loops of Henle In the third period, starting about 4 weeks after the 
ureteral ligation, collapse of the distal convoluted tubules and collecting 
tubules occurs 

In kidney sections stained with hemaloacylm and eosin, many of the cells in 
dilated as well as collapsed convoluted tubules have lost the eosinophOia of their 
cytoplasm In kidneys with only mild changes, the dilatation of the tubules 
was much less marked and much less extensive. In two kidneys there was 
subacute mfiammatioQ and marked fibroblastic proliferation beneath the 
epithelium of the kidney pelvis In all cases, the ngbt kidney was entirely 
normal 

LaPosc Actmty — The kidneys which showed marked hydronephroticchanges 
revealed considerable depletion of Upase activity (Figs 7 and 8) This de- 
pletion was seen m cells of dilated as well as of collapsed tubules. Occasionally, 
the quthelrum in dilated tubules still showed some hpase activity Even in 
kidntys showing con^icuous hydronephrotic changes, the depletion was not 
evenfy distributed and m some fields there werestiU anumber of tubulesshowing 
normal amounts of hpase activity In the kidneys with only mild hydreme- 
phrobc changes the loss of enzymatic activi^ was much less pronounced. 
It was focal m distribution, mostly m tubules showing some dilatation ITie 
amount of hpase activity m the undamaged right kidney was normal In each 
case 

PhosphaUue Adivily — Shdes from each case were meubated for 2 and 12 
to 14 hours. In full agreement with WQmer's findings (9, 10) there was marked 
depletion m many dilated as well as collapsed proximal convoluted tubules 
In the kidn^^ with mild hydronephrosis, the depletian was much less marked 
and only focal The depletion of phosphatase activity was very pronounced 
m sections meubated for 2 hours Ibis Incubation time was also used by 
Wilmer In shdes incubated for a longer time the depletion was still quite 
marked although m tubules m which the cn^mic had disappeared from the 
cytoplasm the nuclei still contained jho^hatase. After 2 hours of incubation, 
the glomenih m most both m the hydronephrotic as well as m the normal 
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kidney, showed only faint acUvity After longer incubation, however, the 
glomeruh showed considerable activity in most of the shdes It seems that m 
the hydronephrotic kidneys there was a somewhat stronger reaction m the 
glomeruh and the smaller artenoles This was s imilar to the previously de- 
scribed findings m chohne-defiaent kidneys m which the impression was gamed 
that the glomeruh stamed more mtensely m phosphatase-depleted than m 
normal kidneys This difference may, however, be only apparent and due to 
the visual contrast between the strong stainmg reaction m the glomeruh and the 
weak reaction m the depleted tubules The young fibroblasts foimd m two 
cases m the kidney pelvis revealed an mtense phosphatase activity The m- 
tense phosphatase activity of young fibroblasts m the rat has been described 
by Feu and Danielh (29) 

COMMENT 

In agreement with Gomon (13) the hpase activity m tissue sections was found 
to be most pronounced m the rat kidney and less m that of the dog and gumea 
pig, as weU as m that of the hamster, rabbit, and mouse Lipase activity was 
found only m the proximal convoluted tubules of the cortex m aU the animal 
speaes exammed and very occasionally m the epithehum of the kidney pelvis 

A somewhat different distribution has been found by Weil and Jennmgs (30) 
These mvestigators used the techmque of Lmderstr^m-Lang (31) and Ghck’s 
(32) micromethod for the detennmation of hpase (kidnty esterase) activity m 
the rabbit kidney Lmderstr^m-Lang’s techmque consists essentiaUy m 
estimatmg the enzymatic activity microchemicaUy and correlating the results 
statistically with the cells present m alternate microscopic sections Weil and 
Jennmgs found the maximum hpase activity m the cortex but also some activity 
m the medulla The cells of the proximal and distal convoluted tubules were 
about twice as active as the cells of Henle’s loops and about 4 times as active as 
cells composmg the coUectmg tubules 

Lipase activity has been demonstrated by chermcal methods not only m hver 
and pancreas but also m various other organs mcludmg the kidneys of various 
anim als and man (33-42) Different substrates have been used for estimatmg 
the enzymatic activity The d^ree of this activity depiends, among other 
factors, to a large extent upon the substrate used (37) CrandaU and Cherry 
(39), for mstance, usmg oUve oil as substrate, found only traces of activity m 
the dog kidney, but fairly strong activity with ethylbutyrate Rona and 
Lasmtzki (36), usmg tnbutyrm, found stronger activity m the gumea pig than 
m the rat kidney While, m agreement with Gomon, no hpase activity m 
tissue sections could be demonstrated m the rat spleen with sorbitan mono- 
palmitate, such activity has been demonstrated by chermcal estimation with 
vanous other substrates (37) 

Lipase activity IS still present m many of the necrotic cells of kidneys severely 



M WACHSTEIK 


33 


damaged by the apphcation of aranium nitrate and mercunc chlonde. As the 
cells are shed off Into the lumen, the tubules become depicted of the enzyme. 
The regeneratmg and atrophic epithehum in kidneys of animals survivmg the 
acute intoxication, shows marked depletion in lipase activity Similar de- 
pletion IS seen m the acute and subacute phase of chohne defiaency as well as m 
the epithehum of the dilated and collapsed convoluted tubules of the hy- 
dronephrotic kidneys The diangcs m phosphatase activity are of an es- 
sentially identical nature Both eotymatic systems, therefore, arc changed by 
the experimental damage in a similar manner 
The decrease in enzymatic actmt) as soon as 10 days after ligation of the 
ureter, is especially remarkable m view of Simiki's (18) findings after mjection 
of carmine or trypan blue 'Hiese dyes are excreted by the gloracmh and 
are partially absorbed by the epithehum of the proximal convoluted tubules 
where they arc concentrated m particulate form (43) Suzuki found, even 
after many weeks of ligation of the ureter, concentrations of dye m the cells 
of the proximal convoluted tubules, although these cells were changed mor 
phologically On the other hand, MacNider (44 c, ft) has shown that after 
damage with uranium mtrate, the regenerated epithelial tissue of the kidnty 
as well as that of the hver is not only of a dbanged morphological type but is 
also resistant to the same, as well as to different tone substances 
Calcification is frequently seen in necrotic cells stOl containing phosphatase 
after poisoning with mercunc chlonde and uranium mtrate. In contrast, 
Hepler and Simmonds (22) maintained that calaum is deposited only m 
tubules b which the epithehum has been so severely damaged that the phos- 
phatase has been rendered mactiv’e, and concluded that phosphatase docs not 
play any part m the process of calcification The findings reported here are m 
agreement with Gomon’s expencnce (16, 45) that calcification of recently 
necrosed tissue is dependent upon the presence of alkaline phosphatase. 

While the abundance of alkalme phosphatase has been explained by the 
importance of this enzyme for the rcabsorpUon of sugar from the glomerular 
filtrate (10, 46), apparently no spedal function has thus far been inferred from 
the presence of Iqjase m the kidnty However, certain dmical and expenmen 
tal facts pomt to an essential rfile of the kidney m fat metabolism Cholesterol, 
hpid phosphorus, as well as neutral fat, are frequently elevated m the serum of 
patients with renal disease (47) Increase m scrum hpids has been reported m 
rats after partial nephrectomy (48, 49), in acute nephntis mduced by anti 
kidney serum (50), and after poisomng with mercury bichloride (51, 52) A 
nse in senim hpids has been observed in dogs, after unilateral nephrectomy 
(51-53), bilateral nephrectomy (51—54) bilateral ureteral ligation (54), and 
after poisomng with potassium didiromate, uranium nitrate, and mercury 
bichlonde (51-53) Rise m serum hpids after nephrectomy has also been 
noticed m cats (55) and monkeys (54) Furthermore a considerable turn 
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these two agents is indicated by the fact that menmgopneumomtis virus im- 
munized mice against both of them Extensive studies on the relationship of 
psittacosis to other viruses were not attempted because s imil ar mvestigations 
are bemg conducted m other laboratones 

Smce the immune sera used m the complement fixation tests were produced 
by unmumzmg animals with infected tissues of the correspondmg species, 
heteroplule antibodies of normal tissues could not be concerned in the observed 
cross-reactions The group specific complement-fixmg antibodies m the sera 
of ammals immunized with the virus of lymphogranuloma venereum probably 
resulted from an immune response either to an antigemc constituent of the virus 
particle or to an antigemc product of the mteraction of virus and infected 
tissue The correspondmg group specific factor of the memngopneumonibs 
strains MP-Cal 10, hfP-F97, and S-F apparently stimulated less antibody 
response because sera of mice and gumea pigs immunized with these strams, 
although showmg a high titer with the menmgopneumomtis virus, gave shght 
or no fixation with the virus of lymphogranuloma venereum (Table V) On the 
other hand, human sera from cases of pneumomtis often gave strong fixation 
with both antigens from lymphogranuloma venereum and memngopneumomtis 
(5) These differences m speaes response cannot be adequately explamed on 
the basis of present observations 

Much additional work on differences m pathogematy will be necessary be- 
fore a defimte classification of these viruses is possible, but a few basic criteria 
may be noted Only one member of the group under consideration, psittacosis 
virus, IS highly ■smilent for mice by the mtrapentoneal route The virus of 
menmgopneumomtis kills mice only after mtrapentoneal mjection of massive 
doses Strams of the agent of lymphogranuloma venereum were much less 
virulent by any route for mice than the other viruses Differences m virulence 
for gumea pigs, hamsters, buds, and chick embryos have also been noted 
Pinkerton (14) has observed that menmgopneumomtis virus produces a fatal 
infection m pigeons after mtracerebral moculation while one stram of psittacosis 
virus does not All of the strams studied except LGV-LC and LGV-ST pro- 
duced paralysis of the hmd legs of mice after an mcubation penod of 5 to 6 days 
followmg mtracerebral mjection and some caused paralysis irregularly after 
mtrapentoneal moculation 

The observations recorded m this paper suggest that the vuuses causing 
certam forms of atypical pneumoma and lymphogranuloma venereum m human 
bemgs, psittacosis m bir^, and other viruses which may have come from mice 
or ferrets should be classified together as representatives of a group of agents 
which m \ anous modified forms are distnhuted widely m nature and cause in- 
fections of diverse character The members of this group of viruses are char- 
acterized by the formation of elementary bodies which stam with basic anilme 
d>es, by the piossession of antigemc compionents common to each, and by the 
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production of meningitis, pneumonia, and granulomatous infiltrations of the 
skin m experimental animals. Analogous groups of similar size are the 
seiUtatj and the pleuropneumonia like organisms It is also apparent that cn- 
tena previously used for classification of these agents, particularly with regard 
to the psittacosis group, have not been adequate 

BXmMARY 

Animals recovered from infection with the vinises of lymphogranuloma 
venereum, meningopneumomtis, and psittacosis, were remoculated in cross- 
immunity tests with these viruses 

In mice immunized by intracerebral or intianasal moculation a reciprocal 
partial cross-immunity between the viruses of lymphogranuloma venereum and 
meningopneumomtis was demonstrated In preliminary experiments, similar 
cross-immunity between the agents of lymphogranuloma venereum and psitta 
cosis was not defimtely demonstrated 
Hamsters, white rats, and kangaroo rats recovered from mtraccrcbral or m 
tranasal infection with the virus of lymphogranuloma venereum were more 
resistant than normal controls to inoculation with the vims of menmgopneu 
momtis 

Sera of animals immunized with the viruses of lymphogranuloma venereum 
and menmgopneumonitis showed cross-reactions by complement fixation with 
antigens of these viruses. 

The results mdlcate an anhgemc relationship between the viruses of lympho- 
granuloma venereum and memngopneumomtis 
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A constantly increasing number of inmnmological cross reactions are bemg 
studied with the aid of the quantitative prcapitin and quantitative agglutinm 
techniques, and knowledge of this phase of immunological speafiaty is con 
sequently taking on a more precise chameter The present contribution to 
this subject conUnues earlier work (1) on the pneumococcus Type lU Type 
vm cross reaction 

It was shown m the eaiUer studies that the reaction between the specific poly 
sacthande of Type Vm pneumococcus (S Vm) and an antipneumococcus (anti Pn) 
Type \Tn horse serum, m the antibody excess region and through the equivalence 
xone, could be represented by the equation 

R*S* 

mg- antibody N nredpltated — 2RS — — r- , 

A 

m which S — S VHI preapitated, A — antibody nitrogen precipitated at a reference 
point m the equivalence rone, and R — ratio of A to S at the reference pomt {<f 1, 2), 
an equation which may be denved from the law of mass action and which has been 
shown to be applicable in many immune systems (3) However, the cross reaction 
between the specific polysaccharide of Type lU pneumococcus (S HI) and Type VHI 
antiserum was of a distinctly different character 'Whcai S m was plotted against 
antibody N the resulting curve was not characteristic of the above equation but was 
composed of a steep intrial portion, followed by a leas steep, linear section- Smee 
cross reactions are not always rimflar In the reoprocal sense It was thought of mterest 
to TniV>> a quantitative study of the S Vill-anti-S HI reaction, and data on this arc 
included m the present report- An attempt was also made to Isolate the antibody 
reactive in Imear fashion m the cross reactions, as it was thought that this might 
show a simpler behavior toward polysaccharide than the antibody as a whole. Fi 
naHy, expenmenta were run at ZVC, as well as at 0“ m order to test the effect of 
temperature on the cross reaction 

• The work reported in this communication was caroed out under the Harkness 
Research Fund of the Presbyterian HospitaL 
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PNEUMOCOCCUS TYPE UI-TYPE VIII CROSS EEACnON 


EXPERIMENTAL 

Materials and Methods ^Type HI and Type VlLl antipneumococcus horse sera^ 
were used after absorption with crude Type I pneumococcus "C” substance The 
Type in and Type ViU pneumococcus polysaccharides (designated S in and S \TTT) 
were prepared accordmg to references 1 and 4 


TABLE I 

Antibody N Precipitated from Type III Antiserum H 792 by Varying Amounts 
of S III and S VIII 


Amount of S used 

Antibody 
N pre 
dpitated 
by Sm 
from 1 0 
ml 

scrum 

Ratio 
anti 
body N 

to s in 

m pre- 
apitate 

Tests on 
supernatants 

1 

Antibody 
N pre 
apitated 
bySVm 
from 

5 0 ml 
serum 

Ratio 
anti 
bodyN 
to S 
vmin 

predpl 

tate 

Tests on 
supema 
tants 

Antibody N 
preapltated 
by SIU 
from U mi 
serum di 
lution freed 
from cross 
reactive 
antibody 

Ratio 
anti 
bodyN 
preapi 
tated 
toSIU 
in pre 
dpitate 

Tests on 
supernatants 

mg 

mg 



mg 



mg 



0 020 

0 396 

19 8 

Excess A* 

0 250 

12 5 

Excess A 

0 394} 

19 7 

Excess A 

0 030 

0 538 

17 9 

<( 4 

0 336 

11 2 

44 44 

0 514 

17 1 

ft ff 

0 050 

0 664 

13 3 

4( << 

0 454 

1 ’ 1 

1 41 II 

0 620 

12 4 

If fc 

0 075 

0 702 

9 4 

No A or S 

0 534 

7 1 

II 14 

0 624 

8 3 

No A or S 

0 10 

0 700 

7 0 

(1 44 I 44 

0 556 

5 6 

“ " 

0 614 

6 1 

Trace S 

0 IS 

0 726 

4 95 

Excess S 

0 690 

(4 6) 

14 If 

0 654 

4 5| 

Excess S 

0 20 

0 748 

3 95 

41 44 

0 756 

3 91 

A and S 

0 658 

3 75 

ff If 

0 25 




0 764 


14 If II 




0 30 




0 816 

2 9i 

It II II 

0 646 

3 35 

II II 

0 40 




0 844t 

2 35 

Excess 5 




0 50 




0 884 

2 55 

1 II 




0 75 




0 952 

2 75 

41 11 




1 00 



1 

0 950 


If It 




Eqaatlonl mg N precipitated — 




Equationll mg N precipitated « 

23 4 S - 137S* 

II 

1 



23JS- 143 S> 



• A “ antibody 
t Single analysis only 

§ Amount S m supiematant detemuned (6 b, c) 

II Calculated to 1 0 mg A N as follows m the experimentally detemuned Imear equation, 

AN R’ 

m preapitate •= 2R S, A is put “10, changmg only the slope of the hne 


The preapitm detennmatioiis were earned out m the usual way (5, 6) by addition 
of mcreasing amounts of polysaccharide to accurately measured volumes of serum 
After 2 days at O'C the specific preapitates were centrifuged, washed twice m the 
cold, and anal3'zed for mtrogen by the micro-Kjeldahl method. All analyses were 
run m dupheate 

Experiment 1 Homologous and Cross Reactions of Type III Antiserum E 792 
(.Bleeding 213137) —Data are given m Table I and Fig 1 on the addition of maeasiag 

' These sera were obtamed through the kmdness of Dr Ralph S AIucLenfuss and 
the late Dr ttTlham H Bark of the New York City Department of Health Research 
Laboratones 
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amounts of S in and S Vm to the antfsenun The equations, calculated to the same 
antibody content, are seen to be identical before and after heterologous absorption, 
as in a sunilar eipenment with Type VUI serum (1) The cross reaction, also, was 
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Fio 1 RcftcUon of antipneumococcus Type m serum H 792 with S in and 
S VTTT. Curves A and A' are for the homologous reaction, B and B' for the cross 
reaction A' and B' arc the reQ>ecthre A N S ratio plots. Circles give the points 
obtained with the original scrum and triangles those after removal of antibody re- 
active with S vm. Not aH points m Table I arc included in the plot. 

Kimilft r to that for the antipneumococcus Type Vlli-S m reaction (1), consistmg of a 
steep initial segment and a less steep, nearly straight portion slope 1 1, along which 
there was considerable scattering of experimental points. Upon addition of larger 
amounts of S, the combining ratio of antibody N to S reached a lower limit showing 
that the precipitate attained constant composition The large factors by which it was 
necessary to multiply the analytical data for the terminal portion of the curve ren 
dered the slope of this segment uncertain 
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TABLE n 

Comparison of Total Antibody {3 0 Ml Serum, 1 T) and Antibody Fractions in Cross Reaction 
at (FC beliOeen S III and Antt~Pn VIII Horse Serum 644 


S ra added 

S HI in preapltate 

Antibody 

N 

precipitAtcd 

Ratio anti 
bodv N to 
SlHin 
preapitatc 
basi^ on 
supernatant 
ana^ed 
vithH 644 

Supernatants 

ByH6M* 

By H 792} 

+ sm 

+ Anti Pn 

m 

horse scrum 

+ H644 

mg 


mg 

mg 





0 017, 

Total 

0 344 

19 5 

+++ 



0 031, 


0 500 

16 0 




0 047 

tt 

0 638 

' 13 6 

I + 

=t 


0 071 

t 

c 

0 706 


1 + 

I 



0 113 

0 110 

0 110 

0 786 





0 188 

0 176 

0 174 

0 940 


— 



0 245 

0 220 

0 213 

1 04 





0 261 

0 229 

0 223 

1 10 





0 3535 

0 273 

0 258 

1 12 





0 4235 

0 273 

0 273 

1 13 





0 522 

0 30 

0 29 

1 15 

3 8 





Antibody N Precipitated per 6 0 Ml of H 644 A Solution by Varying Amounts of S III 


0 017, 

Total 

0 314 

17 7 

+++ 


0 037,** 

tf 

0 514 

13 7 

— 


0 0624$ 

tt 

0 572 

9 1 

— 


0 106§ 

0 100 1 

0 600 

6 0 

“ 



Equabon Anbbody N preapitated = 21 S — 90 S’, calculated values for A at the first 3 

poiDts are 0 312, 0 521, and 0 569, 
respecbvely 


Antibody N Precipitated per 6 0 Ml ofE 644 B by Varying Amounts of S III 


0 060.55 

0 057 


0 334 

5 9 



0 113** 

0 095 


0 430 

4 5 



0 176tt 

0 128 


0 495 

3 9 



0 2821111 

0 156 


0 516 

3 3 



0 47011 0 

0 214 


0 576 

2 7 




• Supernatant analj'ses m region of excess S HI, only, earned out with anb-Pn Vlll 
serum H 644 and quanbty found deducted from amount ongmallj taken 

J Supernatant analj-ses m region of excess S m, onl> , earned out mth anb Pn HI serum 


H792 

I 2 0 rnk of serum actuallj used for analyses, with corresponding amount of S HI 

I) Supernatants m this senes were tested with H 644 A 

** 5 0 ml of serum actually used, with corresponding amount of S III 
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Expmmcnt 2 Fradumaiim of AnUpneumococats Type VIII Horse Smm E 644, 
{I/S /ST) — ^Tbe equation descnbing the homologous reaction of senun was 

mg N predpiuted - 2U S-10SS>AN-107 mg^ 

practicaUv the same as that of a bleeding from the same horse one year earlier 
(i) The cross reaction data on this serum arc gi\*cn In Table n and Fig 2 In this 
S}*8tcm, as in the S V ill-anti *5 HI reaction, the combining ratio of antibody to poly 
lacchandc approached a constant value. The course of the reaction curve, A, in 
Fig 2, vras u mil ar to that of the earlier bleeding (1) The slope of the linear portion, 
2 4, was practically the same as that, 2.5 found in (1) 

To 50 ml of sennn H 644 a quantity of S HI was added corresponding to a pomt 
at the beginning of the linear portion of the curve m order to separate, if possible, the 
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Fig 2 Reaction of anbpneumococcus Type VUI serum H 644 with S TTT. 

antibodies characteristic of the different parts of the reaction pbt The specific 
precipitate obtamed was dissoaated by Lm and Wa’s modification (7) of Felton's (8) 
dilute flllfftli method, and a series of predpitm analyses was earned out with the 
recovered antibody solution (644 A) and S HL The carve resembled that of the first 
portion of the cross reaction plot. The supernatant from the original preapitadon, 
designated 644 B, was also analysed by the quantitative prcdpitb method. The 
sbpc of the 644 B line was 2J or almost the same as that of the ongmal serum The 
results are given m Table H and plotted in Fig. 2 

Antipneumococcus Type Viil horse sera bled from horse 909 in 1937 and in 1939 
were employed for further repetitions of the cross reaction eipcnments. The data 
are omitted smee they closely re sem bled those given In Table n and Fig 2 The slope 
of the linear portion of the curve for the 1937 bleeding was 2 9 and that for the 1939 
bleeding was 2.8 The antibody S HI ratios also approached a bwer limiting value 
as in the of scrum 644 

Experiment 3 Cross PreapUahon ai 37^C —Data obtained at 37*C. on sera H 644 
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and H 909 (1939 bleeding) are given in Table III Tbe tubes were incubated for 0 5 
hour, centrifuged at 37°C , and washed twice with saline in the cold The super- 
natants were c hi l le d and allowed to stand overnight in the ice box Addibonal 
preapitate appeared in the supernatants which contained excess antigen The sum 
of the antibody N preapitated at 37“C and that deposited after chilling did not 
equal the quantity preapitated m analyses run at 0°C throughout (cf also (6 a)) 
Quantitative analyses m the two cross reacting systems showed a much greater 
error near the antibody maximum when run at 0° than at 37'’C Even with stnct 
temperature control successive analyses often differed by as much as 0 05 mg of N 
This tendency seemed greater m certam sera than m others, and although the reason 
for It IS not known, it recalls Goodner and Horsfall’s observation (9) of copreapitation 


TABLE m 

Antibody N Precipitated at dTC from 3 0 Ml (I I) Type VIII Antiserum E 644 by 
Farying Amounts of S III 


Amount of S HI 
added 

Antibody N 
preapitated 

Ratio antibody 

N to Sin 

Additional antibody 
N preapitated by 
souequent cbilUng 
lo0*C 

Tests on 
supernatants 

mt 

mt 


mg 


0 020 

0 250 

12 5 


Excess A 

0 030 

0 324 


0 003 

l( it 

0 050 

0 424 

8 3 

0 003 

it it 

0 075 

0 530 



A and S 

0 10 

0 584 


0 003 

it Cf <( 

0 15 

0 668 


0 021 

(( (1 {( 

0 20 

0 734 

i 


, (( 


, 2 0^U 



0 127 




Excess S 

0 177* 

0 528 


0 070 

« ti 


* Three-quarters of aroount and ml auttseruni iv ere actually used 


of Types I and If antibodies from polyvalent and mixed antipneumococcus horse 
sera at 0® while more strictly specific preapitation occurred at 37°C 

DISCUSSION 

The quantitative theory of the preapitin reaction (2) mvolved the assump- 
tion that the numerous antibodies m antisera might be treated mathematically 
as a smgle substance of average reactivity, multivalent with respect to antigen, 
which, m turn, was multivalent with respect to antibody In this way the 
aggregation and the multiple combinmg proportions characteristic of immune 
reactions such as the preapitm and agglutinm reactions could be quantitatively 
accounted for (3) It was, however, reahzed that antisera actually contam a 
complex mixture of antibodies diffenng possibly both m the number and kmds 
of groupmgs reactive with the antigen Numerous instances were given (3) 
in which partial absorption of antisera with homologous antigen left behmd 
antibodies different m reactivity from the assumed average m the original 
serum and characterized by a different equation 
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In the first paper on the Tjpe HI Type Vm cross reaction, however, it was 
shown that cross absorption did not result m an analogous fractionation of the 
antibodies with respect to their reactivity toward homologous polysaccharide 
(1) Although about one third of the antibodies in a T>'pe VHI antipneumo- 
coccus horse serum could be preapitated by S HI, the preapitm reaction 
between S VHI and the Type VHI anticarbohydrate followed exactly the same 
course and gave the same equation, when calculated to the same antibody 
content, whether earned out In whole serum or m serum deprived of the con 
siderable proportion of antibody aoss reactive with S HI This has since 
been confirmed in parallel studies on other Type VHI antisera It will be 
noted from Table I and Fig 1 that a similar state of affairs obtains in Type HI 
antiserum, the homologous reaction and equation, recalculated to the 
amount of antibody, remamlng the same after removal of the antibodies 
preapitated by S VHI This may be taken to mdJeate a random distribution, 
among the antibodies of different reactivities, of groupmgs or configurations 
capable of reacting with heterologous speafic polysaccharide 
While the homologous reaction pairs, S HI anti S HI and S VIH-anti-S 
VTH yielded curves of the type previously observed m horse sem (1, 2), the 
heterologous pairs, S HI anti S VHE (1) and S VIH-anti S HI followed a 
different but mutually similar course After an initial steep, curving portion 
in the plots (Figs 1 and 2) resembling the homologous reactions there was a 
relatively sharp transition into a less steep, linear portion suggestive of the 
reaction plot found by Scherp for Type I meningococcus specific polysaccharide 
in polyvalent antimeningococcus horse sera (10), and in exaggerated measure, 
conformmg to Goodner’s presentation (11) of even homologous reaction curves 
as a senes of small linear segments Even along the linear portion of the 
cross reaction curve the composition of the specific preapitate vaned, but 
tended to become constant at lower antibody N to S ratios as the amount of 
specific polysaccharide was Increased With 10 times the quantity of S giving 
maximum cross preapitatlon piartial Inhibition ensued m the S Hl-anti S VHI 
reaction while in the S VIH onti S HI system precipitation was merely de- 
layed, not diminished A further 5-fold increase in S resulted in complete 
inhibition of preapitation in the former system and nearly complete inhl 
bition in the latter In both reactions, then, soluble compounds are possible 
with lower antibody N S ratios than the final constant ratio insoluble com 
pound, just as in homologous preapitin reactions {cf also (12)} 

It was noted that removal of the cross reacting antibodies corresponding to 
the initial curved segment of the plot resulted m the failure of about one-half 
of the remaining cross reacting antibody to preapitate with S HL A similar 
effect has been observed m the serial preapitation of many antisera by small 
amounts of antigen and has been mterpreted on the assumption that the non 
preapitable portion of antibody is univalent with respect to antigen and can 
take part m aggregate formation only in the presence of sufficient multivalent 
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antibody (3, 13) On this basis, then, the entire linear portion of the cross 
reaction curve would be due to the addition of univalent (and by itself non- 
precipitable) antibody to S DI-A aggregates formed with the multivalent 
antibody of the initial segment of the curve In the attempted separation of 
the antibody mto portions characteristic of the two segments it would seem 
that suffiaent multivalent antibody remamed with the hnear portion, 644 B, 
to penmt precipitation by S 111 of roughly one-half of the total cross reactmg 
antibody This is borne out by the failure of the Ime B m Fig 2 to pass through 
the ongm The mterpretation given also accounts for the drift m composition 
noted m Table II 

If one considers the hnear segment as a separate curve, apart from the 
remamder of the plot, it is found that the quantity of antibody preapitated is 
directly proportional to the amount of S III added Smce combimng pro- 
portions of antigen and antibody remam constant over this range, it is possible 
to calculate an immunological equivalent weight for S IH m the cross reaction 
The proportionahty constant of antibody N to antigen, or the slope, equals 2 5 
for serum H 644, multiphed by 6 3 this yields a protein polysacchande weight 
ratio of about 16 If 1,000,000 be taken as the molecular weight of horse 
antibody to pneumococcus (14), and its valence with respect to S m equal to 
1, as discussed above, the eqmvalent weight of S HI is found to be 62,000, 
which equals about 180 glucuronoglucose umts This would represent a 
minimum value for the molecular weight of S HI A similar calculation for 
S VIII, based on Experiment 1, leads to the value 140,000 

Of the numerous instances of cross reactivity studied some have been found 
to be reciprocal and others unilateral, but cntena are lackmg by which predic- 
tions can be made as to which behavior a given cross reaction will show The 
specificities and cross reactivities of azoantigens containmg sugars and sugar 
acids as detenmnant groups have been studied by Avery and Goebel (15) and 
by Goebel (16) and have been related to the chemical structure and spatial 
relationship of the sugar haptens employed The present study permits a 
correlation between the cheimcal constitution of two naturally occumng poly- 
sacchandes, S EH and S VELf, and the quantitative behavior of the reciprocally 
similar cross reactions m both directions between these polysaccharides and 
horse antisera to Types HI and WII pneumococa 

Smce S m (17) and S ^^II (18) contam the same aldobiomc acid as a struc- 
tural unit, a measure of cross reactivity is to be expected Evidence has been 
given, however, that the serologicalI> reactive umt is a larger portion of the 
polj^cchande molecule than a smgle chemical structural umt (19, 1) Vdiile 
S HI IS a poljmer of the aldobiomc acid umt, S VEH contams, m addition, 
approximately two glucose molecules for every aldobiomc acid residue (1, 18) 
Cross preapitation in either the S IH-anti-S \TH ^tem or the S \TH-anti-S 
1 1 1 system would therefore mvolve only that fraction of the antibodies carry- 
mg reactive groupmgs of suitable configuration (t^ also Hooker and Boyd (20)) 
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An appreciable portion of the cross reacting fraction would be expected to 
contain more than one reactive grouping per antibodj molecule. It might 
also be predicted from a knowledge of the structures of S HE and S Vin (as 
j'et complete only for S m (21)), that, weight for weight, the polyaldobionlc 
aad S m would be a more efSaent cross prcapitant for anti-S VIII than S VUI 
for anti“S m This would follow, because In S Vm the common aldobionic 
aad unit, to a multiple of which the cross .reactivity is ascribed, comprises 
only about 60 per cent of the molecule whereas S m is wholly a polyaldobioruc 
aad That this prediction is borne out Is shown b> the slopes of the Imear 
portions of the cross reaction cur\*es In the S III anti-S VTH system these 
slopes are more than twice as great as that of the single S Vm-anti S HE 
system studied, so that along this portion of the cur\e more S Vui is required 
to preapitate a given weight of anti S HI than is necessary m the case of S HE 
to precipitate the same weight of anti S VIlL This not only holds for the 
linear segments of the curves, but also for the imtial steep portions, as may 
readily be determined cither from the intercepts of the line connectmg the 
antibody N S ratios of the first pomts m the curves, or by noting on Figs 1 
and 2 the amounts of antibody N brought down m the cross reactions by 0 01, 
0 02, and 0 03 mg of S HI and S Vm, respectively 

Since the cross reactivities of S HI and S VIH seem reaprocally equal to the 
proportion of common aldobiomc (cellobiuronic) aod contamed in each poly 
sac^ande, the cross reactions being of the same type, but with numerical 
differences of the order expected from as much of the chemical structures as 
is known, a further, admittedlj speculative, deduction might be drawn 

If one writes the structure of S in m confonnity with (21) but schematically as 


(fl) 


Gn G1 


Gn Gl 


Gn 01 


Go Gl 


in T^ch Gn — glucuronic add and Gl — glucose residues, and brackets indicate 
ccllobluranic add residues, a number of alternative formulas for S ViU containing the 
same unit suggest themselves 
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In (c) and (d) the side-cham glucose residues are arbitrarily placed, if they were shifted, 
or placed in tandem m (d) the structural type would remain much the same The 
great similarity of the cross reactions would seem to require as great a sunilanty m the 
structure of the two polysaccharides as possible (o) and (d) have the same poly- 
aldobiomc aad cham, so that (d) or one of its alternative forms. 


jcn Gli 
^G1 GN^ 


[ 

1 

Gi 


Gl 

or iGn G1 

1 1 

rGl , 

or 

r Gb 

*G1 -1 

X J 

Gn Gl 


•Gn Gl[ 


1 

[ J 

'x 1 

[ }■■ 


would be a distmctly probable structure, if serological data alone are considered. 
But unless S IH and S Vill have greatly different molecular weights this type of 
structure seems less probable than one of the hnear forms smce the viscosities of the 
two polysaccharides m undegraded form (4, 1) are not very different If one com- 
pares (6) and (c) with (o) and assumes similar linkages and spatial arrangements it 
becomes evident that m (6) every cellobiuromc aad umt would correspond spatially 
with alternate cellobiuromc aad umts m (o), while (c) would show a penodiaty of this 
kmd only between alternate umts m (c) and every third umt m (o) Therefore, takin g 
all available chermcal, physical, and quantitative serological evidence mto considera- 
tion, (h) would seem the most probable structure for S VUI although (J) and (c) 
carmot, of course, be excluded A dejfimte answer must await methylabon studies 
such as have led to the eluadabon of the structure of S IH 


Another rather unexpected by-product of the quantitative study of these 
cross reactions emerges from a consideration of the initial steep section of the 
curve m the S IH-anti-S Vili reacbon In the equation of the Ime connecbng 
the first four antibody N S ratio pomts on curve 644', Fig 2, the slope, 
— RVA = 171, and 2R, the mtercept on the ordmate, = 22 A, therefore, = 

0 7 Smce only the slope is affected m puttmg A = 1 0, the equation of the 
curve, obtamed by mulbplymg both sides of the hnear equabon by S, becomes 

mg antibody N preapitated >=• 22 S — 120 S*, at A 10 

The equabon of the homologous S VHl-anti-S VUI reacbon calculated to the 

1 0 mg A level is 

mg antibody N preapitated •=■ 21 5 S — 116 S’ 

or pracbcally idenbcal with that of the cross reacbon Unfortunately the 
data given m (1) cannot be used for an addibonal test of this relabonship smce 
only one pomt on this part of the curve was detenruned However, the dis- 
soaated antibody (644 A) from the fracbonation of serum 644 (Table H, and 
Fig 2, curve A) also has the same equabon, 

mg antibody N preapitated «■ 21 S — 114 S’, 

as that of the homologous reacbon when calculated to 1 0 mg of cross reaebng 
anbbodj N The ^^rtual idenbty of the equabons mdicates that an apprea- 



M imiDELBEROEK, E A KABAT, AND If MAYER 


45 


able fraction of the antibody reacts In exactly the same way with S m and with 
S Vm As far as can be determined by the sensitive quantitative method, 
this fraction of the antibody fails to distinguish between the two polysaccha- 
rides This serves again to emphasise both the close structural relation 
between the two polj'saccharidcs as well as the sharp differences in reactivity 
between different fractions of the antibodies elicited m an animal by immuniza 
tion with a single antigen (c/ also (3)) These results also extend an earlier 
observTition that the antibody dissociated from a specific precipitate of S HI 
and onti S Vni was entirely prccipitable b> either polysaccharide (22) 

A corresponding antibody fraction with identical reactivity toward S IH 
and S vm was not found m the antipneumococcus Type m serum studied 
(Table I and Fig 1) It will be noted that the equation of the initial segment 
of the CToss reaction curve, calculated to I 0 mg of cross reacting antibody N 
in the same way as in the preceding instance, 

mg antibody N precipitated •• 14-5 S — 52 6 S* 

IS distinctly different from that of the homologous reaction, 

mg antibody N precipitated 23 4 S — 137 S* 

at the same antibody N level The failure of the two cross reactions to show 
stnctly reaprocal behavior in this sense, while not predictable on the basis 
of available Information, is at least In accord with the pomts stressed, since, 
as noted above, S Vm is only m part a polyccllobiuronlc aad such as S IH 

Thus the S HI anti S VIU and S VIU anti-S m cross reactions show, m 
general, a reaprocal character that might bav^ been expected from the close 
structural similanty of the specific polysacchandes compnsbg the hapten 
portion of the distmctive antigens of the two pneumococcus types Quantita 
tive analysis of the cross reactions, has, however, brought to hght distmct 
differences m the course of the two reactions and permitted a correlation 
between these differences and the known chemical structures of the two 
polysacchandes 

It IS also evident that at least three distinct kinds of anticarbohydrate* are 
evoked m horses in response to the stimulus of a type specific pneumococcus 
antigen such as, for example, that of Type VUL Two of these forms make up 
the cross reactive fraction, which usually comprises one-quarter to one third 
of the total As already noted, this portion is completely predpitable by S HI 
or by S VTTT It may be fractionated by means of the cross reactmg poly 
saccharide, S m, Into (1) a portion charactenxed by a sharply ascending 
reaction curve, and (2) a fraction showing a linear segment end ultimately 
constant composition of the specific precipitate This, if It could be obtamed 
entirely separate from the other fraction, would appear to be univalent with 

* Antibodies to the somatic C-subitance need not be considered here, smee they 
were removed from all antisera in advance. 
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respect to S m, although not with respect to the homologous S \nTT Fmally, 
after separation of the cross preapitable antibody from the antiserum, the 
pnnapal antibody fraction (3), at least two-thirds of the total, is found to be 
ngidly type specific in that cross precipitation between Types Ut and VUI 
does not occur Even this antibody is not homogenous, but is composed of 
fractions of vaiymg reactivity toward the homologous polysaccharide as shown 
by the identity of its characteristic equation with that of the antiserum as a 
whole The concept “antibody” would therefore seem to refer, not to serum 
globubn modified m a smgle manner, but to a senes of modified globuhns 
separable and identifiable as distinct fractions and limited in number mainly 
by the cross reactivities and quantitative cntena available for their character- 
ization These complexities are, however, far from hopeless, as they may be 
accounted for even quantitatively on the basis of varying numbers and kinds 
of reactive molecular groupmgs, for example, as in the present communication 
and in earlier papers from this laboratory 

SUMMARY 

1 The cross reaction of the specific polysacchande of Type Viil pneumo- 
coccus with Type HI antipneumococcus horse serum has been studied quanti- 
tatively and found similar to the S m-anti-S Vm reaction 

2 Contrasted with the general similanty of the two-segment reaction curves 
were distmct quahtative and quantitative differences m the course and char- 
acter of the reaprocal reactions with respect to each segment 

3 These differences could be mterpreted m terms of the known chemical 
differences between the specific polysaccharides of the two types A mmimum 
molecular weight of 62,000 was calculated for S IH and 140,000 for S VIII 

4 It was also found possible to fractionate the Type Vlil antibody mto 
portions characteristic of each segment of the cross reaction curve At least 
three different kmds of Type EH and T)q)e VHI anticarbohydrates were 
identified 
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TBE QUANTITATIVE DETERiONATION OF INFLUENZA VIRUS 
AND ANTIBODIES BY MEANS OF RED CELL 
AGGLUTINATION 


Bt GEORGE K. HIRST, MD 

{From the Ldboraioriti of the IniemctioruU BeaJtk Dhisvm of The RociefeUer 
Fouruiaium, Nop York) 

(Recdved for publication September 24, 1941) 

In a recent bnef communicatioa we described the agglutination of chicken 
red blood cella by matenala containing the PR8 and Lee strains of influenza 
virus (1) Furthermore, it was shown that the addition of specific immune 
scrum inhibited the agglutination in the presence of the homologous vims, 
but not when heterologous strains were iise<L This paper presents the results 
of further experiments related to these phenomena. The first experiments 
deal primarily with the correlation between the agglutmating capaaty of virus 
suspensions and their infectivity for mice. A greater number of experiments 
have been directed toward correlating the ag^utination mhibitmg power of 
various sera with their vmis-neutraUzmg capacity Experiments primarily 
coacemed with the mechanism of agglutination wili be discussed m a later 
report 

Methods 

Preparation of Virus Suspensions — ^Tbc allantoic fluid of infected chick embryos 
has been used as the prmapal source of virus throughout the work reported here. 
Eleven-day old white I^gbora embryos were used for inoculation The shell was first 
sterilized with alcohol, and a »tTnnU puncture was made o>*eT the air sac with a bhmt 
dissecting needle A second hole was made over the regwn where the chorioallantoic 
vessels were visible. The point of a 23 gauge needle was inserted Into the latter hole, 
and 0 1 cc- of vims suspension was injected just beneath the egg shell into the allantoic 
sac. Usually infected aDantoic fluid, diluted to or 10~* with saline, was used 
for the moculum. The boles were sealed with paraffin and the eggs were Incubated 
at arc 

After 48 hours the allantoic fluid was removed from the eggs with a minimum of 
contamination with embryonic red cells. While this was slightly difficult tec hn ically, 
the inoeased care was justified by the higher virus titer of the fluid obtained. A 
moderate number of red cells although quickly removed from the flmd by centnfuga 
tfcm, took out 50 to 90 per cent of the virus ongmally present The eggs were opened 
by removing the shell over the air sac with forceps, and care was tak e n not to tear 
the chorioaiantoic membrane. Closed, pointed forceps were used to pierce the 
exposed membrane near its outer margin TIa forceps were then allowed to open^ 
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and the membrane was held up like a tent This opened the allantoic sac so that the 
fluid could be aspirated with a syringe and large bore needle (13 gauge) or with a 
rubber bulb on a capillary pipette Care was taken not to aspirate any blood which 
ran down the tom membrane An average of 4 to 5 cc. of cloudy fluid was obtained 
from each egg, and occasionally as much as 10 cc could be aspuated 

The allantoic flmd from several hundred eggs was pooled and then redistnbuted 
mto small lusteroid tubes These tubes were quickly frozen and stored at -72° C 
m a CO 2 ice box Under these conditions of storage both the agglutmatmg capaat>’ 
and the virus titer as determined m mice have remained essenhally unchanged for 
several months 

Strains of Virus Used — Allantoic fluid was prepared m the manner described above 
usmg four different strams of influenza vims the mouse-adapted PR8 and the W S 
strains of mfluenza A vmis, the Lee stram of influenza B vims, and swine mfluenza 
vims AH except the swme stram had had several passages m eggs prior to use 
The allantoic fluid contaimng swine vims was prepared from eggs which had been 
moculated with mfected mouse lung 

Preparation of Chicken Red Cells — Except when otherwise noted, the cells used for 
all the tests have been a 2 per cent suspension of adult chicken red cells Chickens 
were bled from a wing vem mto a synnge contaming 10 cc of 2 per cent sodium 
atrate The atrated blood was filtered through gauze to remove the small clots, 
and the cells were washed three times m salme The cells were removed by low- 
speed centrifugation after each washmg After the third washmg the packed cells 
plus two volumes of salme were put into 15 cc graduated centrifuge tubes and spun 
at 900 R p M. for 8 mmutes The sedimented red cells were diluted with sahne to 
fifty tunes them volume The red cell count on such 2 per cent suspensions was 
160,000 to 180,000 per c. mm The chickens were usually bled on the first day of the 
week, and the red cells were washed and stored at 4°C after packmg the final time 
They were diluted just before use The red cells, when stored m this way, could be 
preserved m a satisfactory condition for at least a week. 

Titration of the Red Cell Agglutinating Capaaty of Influenza Virus Suspensions — 
The test tubes used in all the in vitro agglutmation experiments were 7 cm long and 
had an mtemal diameter of 0 8 cm For agglutination titrations, senes of twofold 
dilutions of the vims suspensions were made m salme To 1 cc of each dilution was 
added 1 cc. of the 2 per cent red cell suspension The tubes were immediately shaken 
until the cells were well mixed The titraUons then stood at room temperature, 
without bemg shaken or disturbed, for 1 hour before readmg 

Titration of Aggluttnaiion-Inhibiting Substances in Sera — ^The sera to be tested were 
diluted m twofold steps m salme. To 0 5 cc of each semm dilution was added 0 5 cc 
of vims suspension, usmg the same concentration of vims m each tube The vims 
susjjension had previously been diluted to four times the desued final concentration 
To the mixture of serum and vims was added 1 cc. of a 2 per cent red cell suspension, 
and the tubes were shaken until the cells were well dispersed The agglutmation was 
read at 1 hour Throughout this jiapier the concentrations of semm and vims sus- 
pension are gi%en m terms of the final concentration, after the red cells have been 
added In certam inhibition experiments the dilubons of serum were made m normal 
horse serum or normal ferret serum mstead of in salme, so that the total amount of 
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serran in each tube (nonnfll plus immune) would be the same. All ferret sera were 
Inactivated at 56®C. for 30 minutes before use. The human sem were not inactivated* 

Two controls were Included in each test a positive control containing red cells, 
vims suspension, and the same dfluent used In making the scrum dilutions, and a 
negative control containing red cells and salme but no vims 

Grading the Aggluiinaiwn TesU — ^The tests were aD read at 1 hour’s time and were 
viewed against a bright white background For this purpose a IS watt “daylight” 
fluorescent hght proved to be the most useful* The racks were placed directly against 
thehght. 

The amoimt of red cell sedimentation, rather than visible agglutination was taken 
ts the Index of the degree of reaction smcc it was easier to sec In the negative control 
tube the red cells slowlj settled dunng the hour before the test was read. Abont 3 to 
4 mm from the top of the fluid column was a sharp sedimentation boundary above 
which the sahne was dear The cells settling out at the bottom formed a small 
nnrad, sharply outlined disk, but the density of the lower three fourths of the cell 
suspension remained unchanged* 

In the tubes m which agglntmation occurred, the masses of aggregated cells usually 
settled to the bottom In 1 hour Those cells which remained in the supernatant fluid 
were usually find} dispersed and not granular, although occasionally dumps adhered 
to the sides of the tubes. In the tubes in whldi agglutination was most marked only 
a thm vdl of non granular cells was kft m suspension* ^VIth decreasmg degrees of 
agglutination the density and cell ooncentiatlon of the supernatant fluid approached 
t^t of the negative control tube. It was the density of the cells remaining in sus- 
pension which was used for readmg the tests 

In order to make the grading of the reaction more objective the den3it> of the 
ccDular suspensions m the vanous tubes was compared with the density of standard 
suspensions of red in saline These standard suspensioDs were made from the 
same red cell preparation used in the tests The tube being read was placed between 
two tubes of the same standard red cell concentration and the density of the cells in 
the lower half of the tube was compared with the known dilutions. For the standard 
suspension, red were prepared in concentrations of 1 0 0 75 0.50, and 0.30 per 
cent Tubes m which the density fell between that of the 1 0 per cent and the 0 75 
per cent standard were called one phis. Those with a density between that of the 
0 75 and the 0.50 per cent standards were called two plus, those between 0 50 and 0.30 
per cent were graded three plus, and all tubes with a density less than that of the 030 
per cent suspension were designated four phis. 

With the mcreasing degrees of agglutination the siie of the disk in the bottom of 
the tube also mcrcased In the negative control tube the disk m the bottom was 
httihTI and sharply outlined When agglutination occurred the margins of the bottom 
fiinlf often had a characteristic irregular lacy pattern made up of clumps of ceDs- 
This was especially true with very sEght degrees of agglutination When a tube had 
this granular pattern on the bottom with no decrease in density of the supernatant 
suspension it was called plus-minus. 

The end pomt m all agglutination titrations and serum inhibition tests has arbi- 
trarily been to be the dilation where two phis agglutination occurs. If two plus 
agglutination does not occur in any tube, the end point Is assumed to be half way 
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and the membrane vns held up like a tent This opened the allantoic sac so that the 
fluid could be aspirated with a S3’rmge and large bore needle (13 gauge) or with a 
rubber bulb on a capillary pipette Care was taken not to aspirate any blood which 
ran down the tom membrane An average of 4 to 5 cc. of cloudy fluid was obtamed 
from each egg, and occasionally as much as 10 cc could be aspirated 

The allantoic flmd from several hundred eggs was pooled and then redistnbuted 
mto small lusteroid tubes These tubes were qmckly frozen and stored at — 72°C 
m a COj ice box. Under these conditions of storage both the agglutinatmg capacity 
and the virus titer as determmed m mice have remamed essentially imchanged for 
several months 

Strains of Virus Used — ^Allantoic fluid was prepared m the manner descnbed above 
usmg four different strains of influenza vmis the mouse-adapted PR8 and the W S 
strams of influenza A virus, the Lee stram of mfluenza B vims, and swme mfluenza 
vims All except the swine stram had had several passages m eggs pnor to use 
The aUantoic fluid contammg swme vmis was prepared from eggs which had been 
moculated with infected mouse lung 

Preparation of Chicken Red Cells — Except when otherwise noted, the cells used for 
all the tests have been a 2 per cent suspension of adult chicken red cells Chickens 
were bled from a wmg vem mto a syrmge contauung 10 cc. of 2 per cent sodium 
atiate The atrated blood was filtered through gauze to remove the small clots, 
and the cells were washed three tunes m sahne The ceUs were removed by low- 
speed centrifugation after each washmg After the third washmg the packed cells 
plus two volumes of sahne were put mto 15 cc, graduated centrifuge tubes and spun 
at 900 R p u for 8 imnutes The sedimented red cells were diluted with sahne to 
fifty times thar volume The red cell count on such 2 per cent suspensions was 
160,000 to 180,000 per c mm The chickens were usually bled on the first day of the 
week, and the red cells were washed and stored at 4'’C after packmg the final tune 
They were dduted ]ust before use The red cells, when stored in this way, could be 
preserved m a satisfactory' condition for at least a week. 

Titration of the Red Cell Agglutinating Capacity of Influenza Virus Suspensions — 
The test tubes used m all the in vitro agglutmation experiments were 7 cm long and 
had an mtemal diameter of 0 8 cm For agglutination Utrations, senes of twofold 
dilutions of the vims suspensions were made m sahne To 1 cc of each dilution was 
added 1 cc. of the 2 per cent red ceU suspension The tubes were immediately shaken 
untd the cells were well mixed The titrations then stood at room temperature, 
without bemg shaken or disturbed, for 1 hour before readmg 

Titration of Agglutinahon-Inhibittng Substances in Sera — ^The sera to be tested were 
diluted m twofold steps m sahne To 0 5 cc of each serum dilution was added 0 5 cc 
of vims suspension, usmg the same concentration of virus m each tube The vims 
suspension had previously been diluted to four tunes the desired final concentration 
To the mixture of serum and vims was added 1 cc. of a 2 pier cent red cell suspension, 
and the tubes were shaken until the cells were well dispersed. The agglutination was 
read at 1 hour Throughout this jiaper the concentrations of serum and vims sus- 
pension are given m terms of the final concentration, after the red cells have been 
added In certam inhibition experiments the dilutions of serum were made m normal 
horse serum or normal ferret serum instead of m sahne, so that the total amount of 
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serum in each tube (normal plus Immune) would be the same. All ferret sera were 
Inactivated at 56®C for 30 minutes before use. The human sera were not inactivated. 

Two controls were mcludcd m each test a positive control containing red cells, 
virus suspension, and the same diluent used In making the scrum dilutions and a 
negative control containing red cells and saline but no virus. 

Grading the Agghitinoium Teste — The tests were all read at 1 bourns time and were 
viewed against a bright white background For this purpose a 15 watt “dayhght ’ 
fluorescent light proved to be the most usefuL The racks were placed dlrectlj against 
the light. 

The amount of red cell sedimentation rather than visible agglutination, was twl^n 
as the mdex of the degree of reaction since It was easier to see. In the negative control 
tube the red cells slowly settled during the hour before the test was read. About 3 to 
4 mm from the top of the fluid column was a sharp sedimentation boundary above 
which the eahne was dear The cells setthng out at the bottom formed a small, 
round, sharply outlined disk, but the density of the lower three-fourths of the cell 
suspension remamed unchanged 

In the tubes In which agglutination occurred, the masses of aggregated cells usually 
settled to the bottom m 1 hour Those ccDs which remained in the supernatant fluid 
were usually findy dispersed and not granular, although occasionally dumps adhered 
to the sides of the tubes. In the tubes m which agglutination was most marked only 
a thin veil of non-granular ceUs was left In suspension ^^'ith decreasing degrees of 
agglutination the density and cell concentration of the supernatant fluid approached 
that of the negative control tube. It was the density of the cells remaining in sos- 
pension which was used for reading the tests. 

In order to make the grading of the reaction more objective, the density of the 
cellular suspensrons in the various tubes was compared with the densit} of standard 
suspenses of red cells m saline. These standard suspensions were made from the 
same red cell preparation used m the testa The lube being read was placed between 
two tubes of the same standard red cell concentiatlon, and the denait> of the cells m 
the lower half of the tube was compared with the known dilutions. For the standard 
suspension red cells were prepared m concentratjons of 1 0 0 75, 0 50, and 0.30 per 
cent Tubes m which the density fell between that of the 1 0 per cent and the 0 75 
per cent standard were called one phis. Those with a density between that of the 
0 75 and the 0.50 per cent standards were called two pins, those between 0 50 and 0.30 
per cent were graded three plus, and oU tubes with a density less than that of the 0.30 
per cent suspension were designated four plus. 

With the increasing degrees of agglutination the size of the disk in the bottom of 
the tube also mcrcascd. In the negative control tube the disk m the bottom was 
•artfiW and sharply outhned '\^^len aggfutinatkm occurred the margins of the bottom 
often had a chaiacteratic irregular lacy pattern made up of clamps of cells. 
This was especially true with very shghl degrees of agglntinatlom. When a tube had 
this granular pattern on the bottom with no decrease in density of the supernatant 
suspension it was called plus-minus. 

The end point in all agglutmahon titrations and scrum inhibition tests has aibi 
tiarily been to be the dilution where two plus agglutination occurs. If two plus 
agghitinalion docs not occur m any tube the end point is assumed to be half way 
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between two senal dilutions, one showing more and the other less than two plus 
agglutination 

Tests tn 3f<cc— The serum neutralization tests m mice were done in the manner 
descnbed by Horsfall (2) except that twofold instead of fourfold serum dilutions were 
used The virus btrations m mice were done m the usual way except that diluUons 
of virus were made m steps of 10-“ “ instead of 10"^ The immune ferret sera used 
were obtamed by bleedmg ferrets 14 da^-s after inoculation intranasaUy with hving 
virus 


EXPERIMENTAL 

Coirdaiton of Agghiimatwn Titers and 50 Per Cent Mouse Mortality Titers 
of Suspensions of Influenza Virus — ^In the first experiment different prepara- 
tions of the same strain of influenza virus (PRS) were tested by tn vitro ag- 
glutination and by mtranasal moculation of nuce m order to compare the titer 
obtamed 

Two preparations of infected mouse lung, one of allantoic fluid, and two of ground 
whole chicL embryo, were used Each suspension was centrifuged at low speed until 
It was clear Some of the preparations were stored for as long as 6 weeks at — 72°C , 
while others were tested immediately after harvesting In ntro titrations were set 
up as descnbed under Methods At the same tunc mouse titrations were done on 
these suspensions usmg dilutions of virus m I0““ ® steps 

The results, recorded m Table I, show that the mouse lethal titers and the ag- 
glutination titers of these suspensions parallel each other over a wide range of 
virus concentration The figures m the last column of the table represent the 
concentrations of 50 per cent mouse lethal doses m the in xntro end pomt dilu- 
tion ('}'+) of the vanous virus suspensions The relatively shght variation 
m these concentrations (10* ‘ to 10* ®) when virus from very different sources 
was tested suggests that under these conditions the in vitro titration may be a 
good mdex of the amount of lethal influenza virus m a suspension 

However, it must be e mphasized that this correlation holds only when 
freshly prepared or well preserve virus suspensions are tested, that is to say 
when all of the mrus presumably is pathogemc, for it can dOTonstiated_that 
the mf activity of the virus can be destroyed wntbout d^troymg the cajpaaty 
of agglutmatmg red blood cells For example, when infected allantoic fluid 
was heated at 56®C for 15 mmutes, the mfectivity of the preparation was 
completely lost, while the in vitro agglutination titer remamed undimimshed 
Likewise, when infected allantoic fluid was allowed to stand at room tempera- 
ture for several da 3 ' 5 , the mouse lethal titer slowly diminis h ed but the in vitro 
titer remamed constant Therefore, to measure the mfecUvity of a preparation 
by the in vitro test, the suspension must contam no great proportion of m- 
actiTOted virus 

Another exception to the correlation between the two methods of titration 
IS afforded by infected ferret lung A suspension of ground infected ferret lung 
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contauimg a mouse-adapted stram of PR8 virus at a higli titer would not ag- 
glutinate red cells m any dilution That this may be due to inhibitory sub- 
stances m the ferret lung is shown by the fact that when ground normal ferret 
lung is added to infected allantoic fluid, red cell agglutmation is inhibited 
While the experiment summanzed m Table I shows a certam consistent rela- 
tionship between mouse lethal titer and agglutination titer when different preji- 
arations of the same stram are tested, an experiment recorded m Table IT shows 
the relationship between these two titers when different strains of influenza 
virus m allantoic fluid are compared It will be seen that four different strams, 
some of them antigemcally unrelated, showed a remarkable constancy m their 
m vitro titer, diffenng by not more than twofold Simultaneous mouse titra- 
tions on the same preparations, however, demonstrated widely differmg capa- 
aties to kill mice For example, the W S stram, which m this experiment has 


TABLE n 

Comparison of Agglultnalton and Mouse Mortality Titrations on Four Diferent Strains of 

Infiuenaa Virus 


Vinu ttiain 

DUatioa of vims 

A^latms- 
tion tjter 

SO per cent 
mortal! t 7 
titer 

1 32 

1 61 

1 m 

1 236 
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+ -h+-l- 

•}— h-l-+ 
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=b 

0 

256 


WS 

+++ + 

++++ 

-h-b 

0 

0 

0 

128 

Em 

Swine 

-b++-t- 


-b-b 

0 

0 

0 

128 

Em 

Lee 

+++•4- 

+-b-l-+ 

++-b 

++ 

0 

0 

256 

ESB 


the highest mortahty titer m mice, gives a lower in vitro titer than the Lee 
stram, which has the lowest mortahty end pomt m mice 
It IS clear from this experiment that the agglutinatmg capaaty of y^s 
suspensions and theu abih^ to caus e lesioM_or death are mdependent variables 
when different virus str ains are compare^ In view of their wide variation m 
this latter respect, it was surpnsmg that the aUantoic fluid preparations of all 
the strains so far studied showed such a constant agglutmation titer 
Measurement of Agghitination-InhiJnting Substances in Serum —In a previous 
paper (1) it was stated that when sera (human and ferret) which contamed a 
high titer of influenza-neutralizmg antibodies were added to virus suspensions, 
these virus suspensions would no longer agglutmate red cells, even though the 
immune serum was present in veiy low concentration It was also shown that 
the amount of this inhibitmg substance m a serum could be titrated by deter- 
mmmg at what dilution of serum the inhibitory effect was no longer demon- 
strable Before gomg further mto the study of this phenomenon it was 
considered of importance to mvestigate the inhibitory properties of normal sera 
Serum inhibition tests were done on a number of normal ferret sera, usmg 
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both the and the Lee strain of virus. The sera were heated at 56®C for 

hour, and serial twofold dilutions in saline were made To these dilutions 
a constant amount of infected allantoic fluid was added, and the amount of 
agglutination was read 1 hour after adding red cella The results with three 
such sera, shown m Table HI, demonstrate that there was an inhibitory sub- 
stance present m normal ferret serum, and that with low dilutions of scrum the 
inhibition was active against both vinises tested Similar inhibition was 
demonstrated with mouse, rabbit, and gumea pig sera, but practically no 
inhibitory effect was demonstrable with horse scrum This inhibitory factor 
was partly destroyed by heating the serum to S6®C for hour The possible 
presence of a normal mhibitory substance in human serum will be discussed 
later 

Although the presence of an agglutination mhibitmg substance m normal 
serum complicated the titration of inhibition due to mfluenra virus antibodies, 
it was relatively easy to obviate this difficulty When a difference m inhibition 
titer between two sera from the same Individual or from the same animal was 
measured, the change in titer was assumed to be due to antibodies, smee the 
amount of normal Inhibitory substance was probably the same in both sera 
Also the inhibition titer of most unremne ferret sera was very high, con^derably 
beyond the range where the normal Inhibition was active When titers from 
different nTiimaU of the same speaes were compared, the immune serum dilu 
tions were made m normal serum from the same speaes so that the total amount 
of serum m each tube (normal plus immune) was the same. This made it 
possible to dflute out the inhibitory effect due to antibodies while the normal 
mhibitory effect was kept constant. 

The Serological Speexfiaiy of the Senm Inhibition Test Usin^ Immune Ferret 
Sera — The antigenic relationships of vanous strains of influenza virus have 
been extensively studied by several authors These studies have shown that 
influenza A virus strains are antigemcaHy distinct from the Lee and T.M 
strains of influenza B virus (3, 4) Also differences have been demonstrated 
between vanous strains of influenza A virus (5-7), and swme influenza virus 
has been shown to be distantly related to influenza A strains (8, 9) The follow- 
ing experiment was performed to sec whether or not the inhibibon test is 
suffiaently sensitive to detect the antigenic differences and similantjea demon- 
strable by other methods. 

The PR8 and W.S strains of influenza A vinia the Lee strain of mfluenza B virus 
and swine virus were used. Allantoic fluid prqjarations of the virus strains 

and ferret antisera were prepared as described under Methods Smee high concen 
trations of normal ferret serum mhlbit agglutination of the red cells, aH immune serum 
dflutioni were started at 1 32 All dilations of the Immune sera were made b normal 
ferret scrum so that the final concentration of scrum b each tube (normal plus im 
mune) was 1 32 Agglutbation Utratkms of the four virus preparationB were also 
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made In 1 32 nonnal ferret serum The dilution of allantoic fluid used m the Inhibi 
tlon tests vns twice the concentration which caused a two phis reaction In the 
agglutination titrations. "With the PR8 Lee, and swme strains a final concentration 
of allantoic fluid of 1 32 was used, and for the W S strain a concentration of 1 12 
The inhibition titrations were set up as described under Methods, adding each virus 
to dQuUons o! each of the lour sera The rcaaJts are recorded hi Th We TV 

In examinmg the antigenic relationships shown by this inhibition test it 
should be noted that each serum mhlbited the agglutination by Its homologous 
VITUS to approximately the same dilution (3000 to 6000) The agglutination 
of red cells by the t«e vims suspensions was not inhi bited by any of 
the heterologous sera, nor did the Lee antiserum significantly inhibit the re 
action due to any of the heterologous viruses The PR8, the , and the 
swine influenza viruses all showed some mtcrrclationship by this method, and 
of these the PR8 and the W.S showed the greatest simflanty Both the 
\V S and the PR8 sera ga\c the higher titer with the homologous virus and a 
four to SIX times lower titer with the heterologous vims, Swme vmis ap- 
peared more closely related to the \VS strain than to the PR8 strain, both 
when swme antisemm was tested against PR8 and W.S vims, and when PR8 
and antisera were tested against swme vims 

Neutralization tests m mice were done with these same sera and vims 
preparations m order to compare the tn vtlro results with one of the generally 
accepted procedures for the demonstration of antigenic relationships Ap- 
proximately 30 fifty per cent mortahty doses of each vims were used for the 
test. The neutrafization titers obtamed are shown fn the last column of 
Table I\^ An Interpretation of the i» vtvo results yields ess^t^yjhe saiue 
conclusions abou t the aDti g eni^r elallonsbips of these strains m wer^obtomed _ 
from the inhibiti on te st The only qualitative excepbon was that the PR8 
semmliad a higher titer than the W S serum when tested with swme vims In 
mice, while the reverse was tme with these sera against swme virus in the 
tn vitro test- 

AgiluUnoiton Inhbuton Titrations with Euman Sera — ^Although we have 
previously reported the demonstration of a nse m agglutination Inhibition bter 
m serum taken from a patient durmg convalescence from influenza A, it was 
considered necessary to ascertam how constant this findmg would be m a 
large senes of cases- 

Forty-four pairs of acute and convalescent sera from cases of influenza A were used- 
Half the sera were from an Insbtutlonal epidemic occurring during the winter of 
1933-39 (10), and the remainder were from institutional epidemics in Alabama m 
the winter of 1940-41 (11) The convalescent serum from each patient bad a mouse 
neutraliiabon bter at least four times as hl^ as that of the acute phase Berum, when 
tested with PR8 virus. For the tn vUro test twofold dlhibons of serum were made m 
saline, beginning with a final serum dilution of 1 8, A final dilution of 1 64 allantoic 
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fluid, containing PR8 virus, was used This concentration of allantoic fluid was four 
tunes the amount which causes two plus agglutination m an agglutuiation titration 
In every case the titer of the com-alescent serum was at feast two, and usuallj four or 
more, times higher than the titer of the acute serum 

Si mila r tests were run on sera from individuals who had been vaccmated ■mth a 
complex mfluenza vaccme which con tamed formalmized PR8 vims (12) Sera vere 
taken before and 2 weeks after vaccmation Fifty-five pairs of sera i\ere tested 
Each serum was titered by means of the mouse neutralization test, and m e\ery case 
the postvaccmation semm showed at least a twofold rise m neutrahzmg antibodies 
agamst PR8 vims ^\Tien these sera were tested in vitro, a corresponding nse in 
mhibition titer followmg vaccmation was demonstrated m everj" case 

Pairs of serum from fourteen normal individuals obtamed at a 1-year interval were 
mcluded in this experiment None of the subjects gave any history suggestive of 

TABLE V 

Serum Inhtbilum Titrations on an Immune Ferret Serum Using Drffereni Quanitltes of Virus 



* AU serum dilubons were made in normal horse serum plus salme, so that the final con- 
centration of serum (normal plus immune) was 18 m everj tube 


mfluenza during the mtervenmg period, and none of the pairs of sera showed any 
difierence m the vmis neutralization titer There was hkewise no demonstrable 
difierence between the inhibition titers of each of the pairs when tested by the in vitro 
techmque 


Tim fqregomg expenmeats,_both_with ferret ,and with human sera, demon- 
strate a consistent qualitative pa^elism between neutralization titer m mice 
and agglutination inhi bition titer in v itro Before attemptmg to demonstrate 
a more quantitative correlation between the results of the two tests it was 
considered necessary to mvestigate the variables entenng mto the in vitro 
titration in order to find out what precautions are essential to obtain repro- 
duable results 

Factors Afeding the Results of the Inhibition Test —In the followmg senes 
of experiments mhibition tests were performed with a PR8 ferret serum and its 
homologous virus In each expenment one variable was mtroduced into the 
titrations, m order to see what the effect on the mhibiUon end point of the 
serum would be 
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In the experiment shown in Table V the ferret immune serum was titrated 
wth a number of different concentrations of the homologous virus Wit h, 
only mmor variations the serum mhibition end pomts obtom^d with different 
guantiti« of virus were m sim ple u^erse proportion to the amount of virus 
us^ m the test This simple r^tionship between th^amountof virus used 
and the end point obtamed makes it very convenient and easy to compare 
inhibition tests where different amounts of virus ^erc used The theoretical 
imphcations of this eipenment will be more fully considered later 
In another experiment a number of titrations were done on the same serum 
using different concentrations of chicken red cells for the tests, the results of 
which are shown m Table WTiile it was difficult to make comparable read 
Ings m tests m which there was such a wide variation m red cell concentration, 
nevertheless it was obvious that the end point decreased as the concentration 

TABLE \l 


Serwn tniOnlion Ttlrttitom an Immuju Ferrd Scrum Vstnt Dijfcrcnt QaantUkj oj Cells 
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* There were 360,000 red cdls per c. mm. In the 4 per cent ctmeentratiem. 


of cells used decreased In this test it was found that by far the most satis- 
factory concentration of cells for ease m readmg the tests was the final 1 per 
cent concentration used throughout the other expenments m this paper 
Dupheate serum inhibition tests were run sunultaneously at 37°C and at 
27®C with no obvious difference in end point Although a wider variation m 
temperatures produced definite changes m the end pomts, the ordinary changes 
m room temperature were not suffiaent to alter the results significantly 
Dupheate titrations were done with fifteen human sera (high and low titer) 
and one ferret scrum, u.sing six different lots of red cells. Each lot of red cells 
was prepared separately, and the vanous lots were stored at 4°C for from 1 to 6 
days before use There was no systematic tendency of any lot of cells to give 
high or low results with the vanous sera. The length of storage apparently 
had no effect on their agglutinability In general, dupheate titrations of a 
given serum gave the same result- In 25 per cent of the tests there was a 
variation in end pomt of one-half dilution, and very occasionally there was a 
variation of a full dilution From these data it was evident that the use of 
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different lots of cells was not a senous source of error in the test if the cells 
had been prepared in a unif orm manner 

One factor of considerable importance m obtaining uniform results with the 
test IS the length of time between the addition of red cells and the final shaking 
for thorough mmng When the tubes of a serum titration were shaken im- 
mediately following the addition of cells, the bter obtamed was defimtely lower 
than that of a duphcate titration, when the tubes were shaken S rmnutes after 
addmg the cells In some of the experiments reported here the cells were added 
with an automatic pipettmg machme, which dehvered the suspension with 
such force that suffiaent mixmg took place at once 

Of some importance also was the question of the length of time necessary 
for the vmis-antibody reactaon to take place after serum and allantoic fluid had 
been nuxed together A number of titrations of an immune ferret serum were 
done In each case the red cells were added after the virus and serum had stood 
mixed together for different mtervals Whether the cells were added im- 
mediately after addmg virus to the dflutions, or whether the virus-serum 
mixture was allowed to stand for ^ hour before addmg the cells, the end point 
was the same This rapid mteraction between virus and seru m obviat es any 
nec essity , of mcubatmg these two reagents together for any fixed penod m 
perfonmng the inhibition tests 

The preceding experiment emphasize the fact that the serum mhibition 
test can be performed m a faurly simple manner, without elaborate equipment 
or precautions, and that under these conditions quite reproduable results may 
be obtained 

QmntiialvDt Corrdalton between Vmis NexUrahzahon and Agglultnatton Inh- 
bUton Titers of Senm — Alter it had been shown that the in vitro test gave 
results which were quahtatively similar to those obtamed with the mouse 
neutralization test and that the results were reproduable, the next step was to 
see how the serum inhibition titer was related quantitatively to the vuus neu- 
tralization titer on widely different sera 

The sera used were from sixteen persons acutely dl with influenza A, from twenty- 
one convalescent from influenza A, from twcnt>-two normal mdividuals, and from 
thirty -one who had been vaccinated 2 weeks previously with a complex chick embryo 
influenza vacane Mouse neutralization tests were done on all these sera, nsmg 2Q0 
lethal doses of PR8 mouse passage virus, and the sera were diluted in twofold steps 
The Ml vitro tests were done with a 1 64 dflubon of allantoic fluid contammg PR8 
XTTUS The two plus end pomt of this same fluid m an agglutination titration was 
1 2S6 The end pomts obtamed m the inhibition tests were plotted agauist the 
neutralizmg capaaty as calculated from the mouse neutralization end pomts (2) 

The results are recorded m Fig 1, m which it can be seen that the pomts 
tend to fall along a straight band On the whole, the correlation is fauly good 
between the two methods of measurement over a wide range of antibody levels 
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and there are no widely discrepant points The width of the band can be 
accounted for by the errors m the tests, especfaliy the mouse neutralization test 
This correlation is more significant when one considers that the sera were 
from four groups of mdividuals who had had wndely differing experience with 
influenza virus, and yet there is no systematic deviation or scattering of any 



Agglutination lohibiUan titer 


Fio 1 Correlation of serum inhibition titer with vmis^eulralizing capaaty of 
vanous human sera. 


of these groups The eyidencejxntamed m this figure isjthe ^t_wc have ob- 
tamed so far that the in xnlro test measures either neutralizing antibodies^ or 
Bomet^g whi ch fa irly ransistSUy parahd^acutralizmg antibodi^ ^ 

mscossioN 

The advantages of the ag^utlnation tests over mouse tests for influenza virus 
and influenza antibody titrations are sufficiently clear so that detailed discusaion 
seems unnecessary While the agglutination titer of a fresh virus suspension 
shows a fair correlation with the mouse infective titer in the tests we have 
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recorded, mudi more work will be necessary to show vhat the agglutination 
titer actually measures In any case, it is a measurement of a new quality of 
\urus suspensions and as such ments further study The serum inhibition 
titrations clearly measure influenza antibodies, and from the quantitatne 
results obtamed it seems that the test may very likely measure neutralizing 
antibodies The onlj' other m vitro test descnbed for measunng influenza 
antibodies is the complement flxation test IVhile no direct comparisons 
have been made between the results of this test and the mhibition test, the 
outstandmg advantage of the latter is its ease of performance and stand- 
ardization 

If these agglutmation tests should come mto general use, they would be of 
value m companng results from different laboratones, pro-vided some sort of 
standard procedure were used Based on our present expenence, the proce- 
dures outhned under Methods seem to be a satisfactory startmg pomt For 
serum titrations it would be necessary to state only the number of agglutmation 
umts used for the test We have generally used four times the amount of ■virus 
necessary to cause two plus agglutmation All sera should be heated to 56°C 
for 30 mmutes before use This was not done with the human sera m the 
e-qienments reported here, but it has been found smce these tests were per- 
formed that such heatmg lowers the mhibition end pomt of low titer human 
serum but does not affect the end pomt of high titer serum Heatmg probably 
mactivates a “normal” mhibitory substance present m such sera 

The fact that eggs moculated with a number of different mfluenza virus 
strains yield allantoic fluids of approxunately the same agglutmation titer is of 
some theoretical mterest A number of other strams, besides those employed 
m the present work, have been cultivated in eggs, and all strams so far tested 
have shown this same constancy m titration end pomt by agglutmation This 
sunilanty m end pomt suggests two thmgs (1) that different strams of in- 
fluenza ■virus, when grown m eggs, reach appro-omately the same virus particle 
concentration m allantoic flmd, and (2) that the mdi-vidual vuais particles of 
different strams of virus have the same capacity, or nearly so, to agglutinate 
red cells If the second assumption is correct, then the agglutmation titra- 
tion method is a simple way of determinmg the relative number of particles m 
suspensions of different strains, mdependently of pathogemcity, something 
mouse titration fails to tell In any case, the test provides a method for study- 
mg immunologically and m other ways strams which have not been adapted 
to mice 

The results of the serum inhibition titrations, usmg different amounts of 
virus, show that the same amount of serum inhibits agglutination by a constant 
amount of virus, regardless of the volume m which the reaction takes place, at 
least over a considerable range of dilution This result is m keepmg with the 
classical work on antigen-antibody reactions of Dean and Webb (13), which 
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sho^ired that the optimal proportions point for antigen antibody reactions was 
the some, regardless of the volume in which the reaction was earned out 
This would tend to show that influenza virus-antibody reactions are the same 
as other antigen antibody reactions, at least m thm respect. 

This result, however, is in apparent conflict with those of Horsfall (2) on 
the shift m serum neutralization end point m mice, where different amounts of 
virus are used in the test Horsfall found that if it took 3 : cc. of serum to 
neutralize a certam quantity of virus, it took x/S cc. to neutralize one-tenth 
as much virus In the mouse test the serum becomes less effiaent on dilution 
Since the reasons for the discrepancy ore not clear, it will suffice to pomt out 
that the mouse test is a vei^ complicated test and mvolves the mterplay of 
many forces over a penod of about 10 days, while the in vxlro test is relatively 
simple Because of the complexity of the mouse test, it seems probable that 
the ag^utmation mhibition test gives a more accurate picture of the in vxlro 
combining ratios of virus and antibody 

SUIQIARY 

1 The agglutination titer for chicken red cells of freshly prepared or care 
full> stored suspensions of PR8 influenza virus, that is to say virus of maximum 
pathogenicity, was found to be proportional to the mouse lethal titer of the 
same preparations 

2 The agglutination titer of infected allantoic fluid procured in a standard 
way IS relatively constant, regardless of the influenza strain used and its patho- 
gematy for nuce 

3 Virus preparations Inactivated by heat or storage may retain their ag 
glutinnting power 

4 Certam animal sem contain a partially heat labile factor which, m low 
dilution, inhibits the agglutination of chicken red cells by influenza A and m 
fluenza B vinisea. 

5 The agglutination inhibition test, using ferret and human sera, gives 
quahtative data regarding influenza antibodies which are s imilar to the mforma 
tion obtained on the same sera by means of the virus neutralization test 

6 There is a defimte relationship between the agglutination inhibition 
titer and the virus neutralization titer of a serum. On a loganthmic scale of 
both variables, th!q relationship is essentially hnear within the range 
investigated 

7 The agglutination mhibition titer of immune ferret serum is mversely 
proportional to the amount of vims used in the test. 

Since this paper went to press, McCleDand and Here (14) have published results 
mnfi rmm g the Work m our eaiiier pubEcatiou (1) on the adsorption of influ en za 
vims on red cells and the use of agglutination for measuring influenza antibodies 
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DEMONSTRATION OF AGGLXJTININS FOR BARTONELLA 
BACELT.TFORMTS 

By CALDERON HOWE* 

{Fr(m the Department of Comparative Patholo^ and Troptcal Ifedtcvie, The Barvard 
Itedtcal School^ Boston) 

(Received for publication, October 3, 1941) 

Human bartoneHosis, known as Camon*# disease, manifests Itself in two distinct 
phases. The first phase, Otojtl fever, is a severe hemolytic anemia, the result of 
the Invasion of the blood stream bj the organism, Bartonella bacUliformts Blood 
cultures are strongly positive at this stage of the disease, and the red blood cells as 
well as the cells of the reticukhcndothelial system, are heavily parasltlted by Bartch 
nella The second phase, veurrga peruana, is chainctcnsed by the appearance of 
the typical cutaneous eruption from the nodules of which B baciUtformu may be 
recovered BartoncUosis Is endemic m certain regions of Peru and has more recently 
been found to be so In Colombia and Ecuador In these endemic regions, the second 
stage (verruga) is more commonly encountered Less frequently, the anemic stage, 
when very severe ends fatally before the de\*elopment of the eruption. A large 
percentage of the native population of the endemic rono in Peru have had some form 
of bartoncUosii, mild or 50%^, and ore able to Uve there without further clinical 
evidence of mfection Second attacks of acute fever without the eruption are ap- 
parently unusual but second attacks of verru^ with minimal febrile illness are not 
rare. From these facts, it is evident that m most of those individuals who have 
contracted bartoneDoais at least once a definite and long lasting immunity develops 
against the infection This Immumty on the part of the natives Is In strong contrast 
to the often fatal mfection which develops m individuals from non-endemic rones 
who spend but a few m^ts in the endemic zones without odequatc protection against 
the ni^t flying sandfly vector Somewhere in between these- two extremes of com 
plete immuni ty on the one hand and complete snsctphbillty on the other if one 
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use of new methods of cultivation recently devised by him, to Dr AW Scllards for 
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speculates in terms of immunology, must be the so called earners, thought b\ Weinman 
and Pinkerton (1) to represent a possible reser\oir of infection These authors ha\e 
estimated the number of such individuals m one locahtj of the endemic region of 
Peru at about 5 to 10 per cent of the total population They show no outnard sign 
of infecbon, but B haalhjormis ma> be recovered from their blood, which may or 
may not show a shght anerma It is evident from the foregoing rather cmpmcal 
facts that the fundamental immunological pattern of human bartoncllosis remains 
still to be worked out The present report is a step toward the solution of this 
complex problem 

The work which follows deals with the production and the demonstration 
of specific agglutinins for B baalhformis in rabbits, and their demonstration 
m the sera of human bemgs with bartonellosis In the hterature on Camon’s 
disease, the possibihty of agglutinating B lacilUJormis with specific sera of 
one sort or another has been considered from time to time by vanous authors 
(2-7) In no instance is there any mdication of clear-cut expenments on this 
aspect of the problem, and m all cases the only tangible conclusion that has 
been reached is that any demonstration of agglutinins is handicapped by the 
difficulties encountered m preparmg suspensions of the organism suitable for 
use as an antigen 

Materials and Methods 

Media and Cultivation of Bartonella — ^Heretofore, the only media that have 
yielded faurly satisfactory growth have been ordmary blood agar and the 
semisohd medium of Noguchi and Battistmi (3) ongmally designed for the 
cultivation of Leptospira The former medium yields colonies of tightly packed 
organisms on the slant, with many of the colomes embedded m agar, the latter 
medium a variable and diffuse growth, with aggregates of smaller satelhte 
granules, m the upper 1 to 2 cm of the medium Both types of medium present 
obstacles to the preparation of a homogeneous suspension, chief among which 
IS that resultmg from the presence of agar, from which the organisms are m- 
separable Two types of medium recently developed by Geunan m Boston 
(8) have effectively removed these obstacles 

The first is a sohd medium Special base agar is made with 2 per cent shredded 
agar, 2 per cent trj'ptone or proteose peptone, 0 5 pier cent sodium chloride, m distilled 
water The medium, as finall> used, is composed of 75 per cent base agar, adjusted 
to pH 7 6-7 8 and cooled to 45*0 , and 25 per cent fresh rabbit or sheep serum, or 
defibnnated whole blood To the whole medium, a small amount (0 2 per cent of 
the total v^olume of medium) of an ascorbic aad glutathione solubon is added This 
medium gives a profuse growth, uhich follows the streak of the loop on the slant and 
becomes grosslv visible m 24 to 48 hours, reachmg a maximum in 10 to 14 da>-s 
The optimal temperature for mcubation is 28°C. The growth ma> be casil> scrapied 
from the surface, and collected from the water of condensation at the bottom of 
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The second is a bquid medium It is composed of three parts of a 1 per cent 
elution of tr>*ptonc adjusted to pH 7 6~7 8 to one part fresh rabbit scrum and to 
the whole medium is added a small amount (0 2 per cent of the total volume of 
medium) of the ascorbic add glutathione solution Gro\vth becomes visible as a 
fincl\ divided sediment within 24 to 48 hours and reaches a peak on the 10th da\ 
when incubated at 28®C It has been found bv Gciman that maximum growth takes 
place at the bottom of the container when the depth of this medium is from 0 5 to 
0 75 cm Small (50 cc.) Erlcnme>er flasks are used, to afford as large an area as 
possible at this optimal dqith for the growth which takes place on the bottom of the 
flask The present writer has found that ordinarj test tubes (14 era X 2 cttl), bent 
to resemble a hockcv slick in shape with the short arm at the open end of the tube, 
serve better than Erlcnrac>er flasks for the cultivation of Bartonella The tubes are 
stored honxontally the open end directed upward to prevent outflow of the medium 
with which the tubes arc filled to half of their horizontal depth, if 0 5 to 0 75 cm 
Growth takes place along the bottom of the converted test tube and the vicld Is 
about equal to that obtained with the flasks There is further the added advantage 
of conv'cnicncc and less danger of contamination than that encountered \nth the 
flasks. 

PreparaUan of Anttgen — The organisms harvested from both 1)^05 of medium 
when washed two or three times in normal saline and resuspended in lalmc buffered 
to pH 8 2-8 4, constitute a homogeneous antigen admirabU suited for agglutination 
tests It has been found more recently that clumps of organisms harvested m a 
similar manner but stored as a coarse suspension m normal unbuffered saline can 
after about a week of such storage be caail> emulsified bv churning with a capillary 
pipette (0) The coarser particles m cither tvT>c of susfiensjon are allow^ed to settle 
or arc throwm dowm b> slow centrifugation In both eases dark field examination 
reveals a fairl> regular distribution of single organisms with occasional clumps of 
never more than 5 to 10 (Fig 1) These occasional dumps are just visible with a 
10 or 14 power hand lens 

Technique of Aulutinalion Test — The technique of the test for agglutmms has 
been designed to allow rigid cconom> of materials and at the same lime permit 
accurate gradation of litre Small fermentation tubes (7 5 enu X 0 75 cm ) arc used 
and the total final volume confined to about 0 1 cc. The tubes after proper serial 
dilution of the sera and the addition of the antigen are meubated for 4 to 6 hours at 
40®C and arc then read with the aid of a 10-14 X hand lens and after 24 hours on 
ice they arc again read In the strong!) positive tubes, there is a heavy and tightly 
coherent precipitate with dear supernatant bquid. Dark field examination (Fig 2) 
reveals a definite heavy dumping of the single organisms and the s mall groups of 
organisms seen in the control (Fig 1) In the negative and the control tubes when 
exammed with the hand lens there is nev^ more than a ver) sbght sediment, which Is 
easily dispersed 

Immunizalton of Rabhls — To obtain qicdfic agglutinins a senes of rabbits was 
immunized by repeated injections of Imng B bacilltformts Into the marginal vem 
of the ear The organisms from a tube of bquid culture after 10 da>’B to 2 weeks 
mcubalion or a week s growth from a solid slant washed twice with sabne, was given 
every 5th day over a penod of 60 days each animal having received 12 to 13 Inocula 
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Fig 1 Suspension of Barlo,,clla bac,ll,/orm.s m normal Dark field photo 

micrograph X about 4000, oil immersion 
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Fig 2 Agglutination of Bartonella baciHiforims by serum of immunized rabbit 1 m 
dilution of 1 640 Dark field photomicrograph X about 4000 oil immeraion 
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tions in all at the end of that time Ti\o rabbits were treated in a manner differint 
from the others One of these (rabbit 1) iras inoculated c\ en 3rd or 4th dai w ith the 
material and b\ the method desenbed abo\e, IS inoculations ha\ing been giicn at the 
end of 50 da^s The other rabbit (rabbit 2) had been splencctomizcd, and into the 
anterior chamber of both eves, chopped rabbit embn o had been succcssfulli im 
planted B baalhfornns was then injected into both antenor chambers, and gi\en 
in large quantitj intratrachealh , in an attempt to produce some tangible eiidencc of 
pathogenic effect 2 veeks after the intratracheal and intraocular inoculations, one 
eye, which vas then asepticallv removed, showed a marked pannus formation, with 
ingrowth of vessels into the cornea, and the other eve showed nothing Culture:, 
taken from the implanted tissue and the aqueous humor of the enucleated c\ e showed 
a heav'j growth of B baalltformts, but blood cultures were negative Scrum for 
agglutination was taken at this time At no time did anv of the animals, no matter 
in what waj thev had been inoculated, show anv signs of svstemic reaction which 
could have been interpreted as having resulted from the inoculation 

Rtsulls 'ivtlh Rabbit Sera 

The results obtained in testmg the sera of these rabbits for agglutinins by 
the method desenbed are showm in Table I In the case of rabbits 1 and 3, 
m order to determine the rate at w'hich antibodies might be appearing, serum 
was taken after one-half the total projected number of inoculations had been 
given, and showed a moderate titre of agglutinins The titre as determined 
after all moculations had been giv'en w'as proportionately liigher in all cases 
The definitely higher titre of rabbit 1 as compared with that of rabbits 3, 4, 
and 5 might be explamed by the larger number of inoculations giv'en at shorter 
intervals to rabbit 1 (15 moculations in 50 days as opposed to 12 m 60 days), 
although this difference m titre may onlj be an mdication of wide variation 
m the strength of response among individual animals There was in the 
case of rabbits 1, 3, and 4 a marked falhng-off of titre at the end of 1 month 
after the last moculation Rabbit 5 showed a somewhat higher titre of ag- 
glutinins than did the other two, and maintained this higher titre longer than 
the latter, although there was a slight but definite falhng-off at the end of 1 
month after the last inoculation In the case of rabbit 2 the titre of agglutinins 
obtained as a result of the simultaneous intraocular and intratracheal inocula- 
tions described abov'e, lies midway between that of rabbit 1 and those of rabbits 
3 and 4 There is no indication, m this single experiment (rabbit 2), as to w hich 
method of inoculation may hav e resulted in so high a litre, or w hether both w ere 
necessary to produce it The fact that cultures made from the ey e fluid and the 
infected implanted embryonic tissue were strongly positive after 2 weeks sug- 
gests the possibility that these two foci were a source of continuous stimulation 
to the production of antibodies by the host 
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Restilts tn/ft Iluman Sera 

Table JI stimmanrcs the findings with a Bmall group of human sera Two 
cases in which the anemic manifestation had been minimal and the verracous 

TABLE I 
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stage more extensive (cases 1 and 5) showed the highest titre of agglutinins , 
and the two severe of Oroya fever (cases 2 and 3) the lowest. Thirteen 
normal human sera were consistently and entirely negative Although defimte 
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conclusions cannot be draivn from so small a senes of cases, the possibility 
that the appearance of the eruption is assoaated with the formation of a demon- 
strable title of circulating antibodies may be considered The development of 
the eruption is mvanably regarded by e-cpenenced cliniaans as a favorable 
prognostic sign The fact that the serum of the so called “immune” (case 6) 
contamed a minimal titre of agglutinins may be analogous to the fallmg-off 
of titre noted with the rabbit sera A satisfactory test for the virulence of the 
organism concerned (and hence a susceptible laboratory animal) would, of 
course, be necessary m the final eluadation of the fundamental immunological 
process mvolved m human bartonellosis 


TABLE n 

Aggfultmlum of Bariondla bacUltfortnts teilh Sera of Pahents Suffenag or Recovered from 

Barlondlotts (Camon’s Disease) 
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* Thirteen normal human sera were tested, 

4 +, heavy coarse preapitate at bottom of tube, dear supernatant liquid 
3 ,^ to -f , decreasmg amounts of preapitate at bottom of tube, but obvious agglutination 
of suspended organisms when compared with salme and normal serum controls 
slight but definite agglutmation, with no heavy preapitate 
— , no preapitate or agglutmation 


The question of the relationship of Bariondla to the organisms of the Richeit- 
sia group has also been explored With this possible connection in view, 
the SIX human sera tested for agglutinins for Bariondla were also tested with 
three strains of Proiem, after the manner of the Weil-Fehx reaction The 
results are shown m Table rH The two sera which agglutmated Bar- 
iondla most strongly also show the highest titres mth two of the Proletts 
strains (sera of cases 1 and 5) Although a positive agglutmation at a dilu- 
tion higher than 1 50 is usually considered significant with the Weil-Felix 
reaction, there are occasional cases without a positive histoiy of tj-phus 
whose sera are positive m much higher dilutions Since, also, the histones 
of the cases m\ oh ed herem bad not been probed for the possibilitj of typhus. 
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no definite conclusions can be drawn as to the meaning of the results ob- 
tained with these particular sera The question becomes even more obscure 
from lack of knowledge of the distribution of endemic typhus fever m Peru 
The only available figure is that of the total number of cases during the year 

TABLE in 

Atslaiinathn «f PnUtu OX/P, OXK, and 0X2 
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1940, January through September, amountmg to 667, no geographical alloca 
tion being given in the report (10) It is of importance to note, from an im 
munological pomt of view, that there was no agglutination of ProUtu in 
significant titre by Bortondla immune rabbit serum 
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AGGLUTININS TOR BARTONELLA BACILLIFORJUS 


Ongin oj the Biman Sera Represented tn Tallcs II and III, -unth a BrteJ Bescrtptwn of 

Each Case 

Case 1 —Serum was taken during the 3rd month of a third mild attack of barto- 
nellosis, at which time there was shght anemia, and extensive eruption Blood 
cultures were negative, having been positive durmg the 1st month of the recurring 
disease, durmg which time there had been no eruption 

Case 2 —Serum was taken on the 12th da> of the disease There was sev ere anemia 
(red blood cell count 1 7 milhon), blood cultures were posibve, and Bartonella nerc 
found m the blood film Death occurred on the ISth day of the disease 

Case 3 Serum was taken on the 16th daj of the disease There was severe anemia 
(red blood cell count 1 0 milhon), blood cultures were posibve, and Bartonella were 
found m the blood film There was subsequent recover}', no Bartonella havmg been 
found m the blood films after the 26th day, at which time hlood cultures also became 
negative 

Case 4 — Serum was taken durmg the 2nd month of a mild attack of verruga 
peruana, the erupbon havmg appeared after 1 month of s>’mptoms Laboratoiy 
data were not available, and the history not preasely known The erupbon, however, 
was defimtely that of verruga, but was confined to one large “mulairc" type of lesion 
on the left shm 

Case 5 — Serum was taken durmg the 2nd month of an attack of verruga peruana 
The appearance of the rash was preceded b} s>Tnptoms of malaise and joint pains 
Laboratory data were not available, and the histor}' not preasely known The 
erupbon, however, was definitely that of verruga, and was far more extensive than 
that of case 4 

Cose 6 — This was a so called “immune,” who, having had verruga in childhood, 
has remamed free from signs and symptoms of bartonellosis aU of his life (30-odd 
years) m spite of frequent and prolonged sojourns m the areas where Oroya fever and 
verruga peruana are endemic. 


DISCUSSION 

The fact that it is possible to produce circulating antibodies m rabbits, 
and that circulating antibodies may be demonstrated m human bemgs with 
bartonellosis makes it certam that at some stage durmg the course of an infec- 
tion with B bacilhjormis there is a measnrable immunological response on the 
part of the host This response, now proven by the formation of agglutinms, 
can be used as a basis for further mvegtigabon with three prmcipal ohjeebves 
1) A danfication of the fundamental immunological sequence in human 
bartonellosis, 2) an evaluation of the properties of unmune sera m the therapy 
of Orojm fever and of the efliecbveness of \acanes in the prophylaxis of non- 
immune mdrviduals, and 3) an eluadation of the antigenic and immunological 
charactensucs of B baalhformis WTth regard to the latter problem, pre- 
Inmnaiy studies have already been undertaken to determme possible im- 
munological vanabons among Bartonella isolated from different sources and 
locahbes These experiments have mdicated that no immunological differ- 
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ences between such strains can be demonstrated by the agglutination test^ 
cross-agglutmation between four Peruvian and two Colombian strains by 
homologous and heterologous sera to almost equal tltre havmg been accom- 
plished 


sxmuARY 

1 Methods of preparmg a satisfactory antigen having been developed, a 
technique for performmg an agglutination test with B baciJliformts is made 
available 

2 As a result of repeated mtrai'enous injection of livmg cultures of B 
baalhformts at short intervals, rabbits have been found to produce a high litre 
of speafic agglutinins which, under the conditions obtaining m the present 
senes of experiments, begms to decline after about one month following the 
last moculation 

3 Sera from six cases of bartonellosls m different stages of its several man! 
festations have been shown by the agglutination test to contain a low but 
definite titre of circulating ontlbodj 

4 Several of these same sera have been shown to contom as well a sig 
mficantly high litre of agglutinins for three strains of Protau No definite 
conclusions can be drawn from this phenomenon smee the case histones had 
not been probed for the possibility of typhus fever, and since the relatively high 
titrea obtamed with a few of the present sera may very well fall within the 
extremes of normal wrum titres. 
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THE EFFECT OF SULFAPYRIDINE UPON THE DEVELOPMENT OF 
IMMUNTTY TO PNEUMOCOCCUS IN RABBITS 

By EDWARD C. CURNEN, M and COLIN M. MacLEOD M D 
{From fke Hosptial of The Rachefetler Insltiifie for Afedical Ruearch) 

(Recctvcd for publication, October 21, 1941) 

Although the antibacterial action of sulfonamide compounds upon certain 
pathogenic microorganisms la now generally recogmied, the effect of these 
drugs upon the immunological response of the animal or human host has not 
been completely elucidated In view of the value of sulfonamides m the 
therapy of pneumonia and other diseases caused by pncumococa and because 
of the essential contribution of immunity to recovery from such infections, it 
seemed desrrnblc to investigate further the action of sulfapyndinc upon the 
immune processes 

In response to the antigemc stimulus of pneumococcus the tissues of man 
and certam animals are capable of elabomtmg type speohe antibodies which 
circulate in the blood and can be determined by the appropriate techniques 
In experimental ftnimals it is also possible to recognise the occurrence of active 
imm unity as mdicated by increased resistance to homologous infection which 
may be present before and may persist after the period when orculatmg anti 
bodies are detectable In the process of spontaneous r eco v er y from pneumo- 
coccal infection disposal of the mvading microorganisms by the phagocytic 
cannot be accomplished without the development of a specific immune 
response. 

The sulfonamide compounds exert a direct bactenostatic effect upon various 
microorganisms For these drugs to be effective therapeutically, however, 
the participation of specific humoral and cellular reactions of the host arc 
requirements The question of whether, m addition to their direct 
actions upon the bacteria, these compounds may not also exert on effect upon 
the defense mechanism of a host has been subjected to both experimental and 
rlintral mvcstigatlon It has been demonstrated m mice mjected intrapen 
tonally with pneumococa that the sulfonamide drugs do not affect the mobili 
ration or activity of the phagocytic cells (1, 4) Although no evidence has 
been produced to show that these drugs stimulate or accelerate the process of 
antibody formation, the assumption that they exert no effect on the immune 
mechanism has not been unreservedly accepted. 

In 1937 Buttle (2) observed that mice after recovery from infection with Pneu 
mococcus Type I following treatment with the bcnzylldcne Schlff’s Base of 4 4' 
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diaminodiplienylsulfone were immune to reinfection with orgamsms of the 
homologous type In the foUowmg year WTutby (3) confirmed this ob 5 cr\-aUon m 
mice treated with sulfapjTidme McIntosh and HTutby (4) found that at the end 
of 1 week mice which had survived 10,000 lethal doses of Pneumococcus Tj^ic I 
after oral treatment with sulfapyndme were completely immune to reinfection with 
a miUion fatal doses of pneumococa of the homologous type This immunity was 
related quantitatively to the infective dose and was type specific An inoculum of 
1 milhon heat-Lilled pneumococa stimulated m vaconated mice a degree of immunitj' 
comparable to that mduced m mice foUowmg recoveiy under drug therapy from an 
otherwise fatal infection with 10,000 hvmg pneumococa In the latter instance the 
surviving animals on remoculation were immune to an amount of vnrulent culture 
100-fold greater than that used m the pnmaiy mfecbon The acbve immunity 
mduced by vaccmation or resultmg from infection was demonstrable withm 3 days 
By the 4th or 5th day immunity was usually sohd, and on the latter daj the sera 
conferred passive protecbon on other imce In the sera of mice immunized mth 
Eberihella iyphosa agglutmms were demonstrable by the 3rd daj' and mcreased m 
titer between the 4th and 7tb days irrespective of whether or not sulfanilamide had 
been admmistered These authors concluded that “the adrmnistration of sulphon- 
aimde drugs has no stimulatmg action on the body defenses, nor docs such administra- 
tion affect the quality, quantity, or speed of production of recognized spcafic anti- 
bodies ” Experimental confirmation of Whitby’s observation was reported m 1939 
by Calleno (5) and MacLeod (6) MacLeod compared the survival rate foUowmg 
sulfapyndme therapy with the immune response in untreated animals, employmg 
Pneumococcus Type I, a good antigen, and Pneumococcus Type HI, a relatively 
poor antigen He found that m mice infected with 10'® cc of a virulent culture of 
Pneumococcus Type I and treated with sulfapyndme, 95 to 100 per cent survived, 
whereas m nuce similarly treated but infected with Type IH pneumococa less than 
10 per cent sumved In two groups of untreated nuce immumzcd respectively with 
comparable doses of heat-kiUcd pneumococa of TjTpes I and IH and mfected 5 davs 
later with 1,000 fatal doses of a virulent culture of the corresponding tvpc, 95 to 
100 per cent of those in the Type I group were nmnune while none of the Type HI 
mice survived An apparent correlation was observed not only between the survival 
rate and the relative antigeniaty of the respective tjpes of pneumococa, but also 
between the differences in the tunc required for the development of antibodies and 
the length of time dunng which it was necessary to contmue sulfapvTidme treatment 
Larson, Bieter, and Levme (7, 8) demonstrated that rabbits which recovered from 
mtradennal infection with Pneumococcus Tj^ic H foDowuig treatment with sulf- 
apyndme were highlj resistant to reinfection with the homologous tjpe of organism 
30 or more da 3 's later 

In the sera of patients with pneumococcal pneumonia the appearance of type 
specific antibodies at or about the time of spontaneous recovery is a well recog- 
nized phenomenon However, m patients treated with sulfonamide drugs the 
appearance of these antibodies does not necessarily comade with the deferv'cs- 
cence frequently observed early m the course of illness 
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Edwards, Kirchcr and Thompson (9) tested 26 pneumonia patients treated with 
sulfopyndme for the development of dermal reactions to homologous type specific 
capsular polysacchandc as well as for the presence in their sera of type specific ag 
glutinins> They concluded from the results of their observations that the immune 
responses which occur naturally m the courec of untreated pneumonia are not affected 
b> drug therapy 

Wood and Long (10) demonstrated specific protective antibodies m the sera of 
10 out of 12 patients with pneumococcal pneumonia who were treated with sulf 
apyndine. They concluded that the antibody response In patients treated with 
sulfapyndine is similar to that observed in untreated patients, 

Finland, Sprmg, and Lowell (11) studied the bactcnddal power of whole blood 
as well as the development of homologous t}'pc specific agglutinins and mouse pro- 
tective antibodies in the sera of a large number of patients with pneumococcal pneu 
moma treated with sulfapyndine These in\cstigatOTS reported that mouse protec 
tive antibodies and agglutinins were rarel> demonstrable m patients blood befoip 
the 6th or 7th da> although defervescence frequently occurred earlier They con 
duded that the antibody response In patients treated with sulfapyndine was com 
parable in all respects to that observed in spontaneous recovery 

Fox, Rosi and Winters (12) detenmned the time of appearance of specific anti 
bodies in the sera of SO adult patients treated with sulfapyndine In ell patients 
with proven pneumococcal pneumonia t>pc specific aggiutinms were demonstrable 
in the bbod at some time In the course of Qlncss These same authors reported 
sub5equcnU> (13) that m a larger senes 90 per cent of the patients developed type 
specific ag^utinins b> the end of the 2ad week of iDncas and that 50 per cent of 
those tested gave true positive skin reactions to the homologous tiT^e specific polysac 
charide. 

Knecland and MuUikm (14) tested the sera of 19 patients with pneumonia who were 
treated with sulfapyndine. They observed that pootK’e predpitin reactions to the 
homologous capsular polysacchandc appeared in the sera of only four of their patients 
upon recovery In a subsequent paper these authors (15) reported that type specific 
preapltms were detectable in the sera of onlj 8 of 30 sulfapyndine-treated patients 
as compared with 16 of 21 patients treated with suUathianole. They suggested that 
sul£ap>Tidinc b> its action upon the invading microorganism diminishes the stimulus 
to antibody formation whereas sulfathiazole, which they considesred a less powerful 
bactericidal agent, exerts this effect to a lesser degree. 

Bukantz and de Gaia (16) demonstrated the presence of homologous type specific 
predpitins dunng recovery m the sera of nineteen of sixty patients with pneumonia 
who were treated with sulfapyiidme. 

In the nnimfll eipeninents thus far reported, with the exception of those 
of McIntosh and V^tby, tests for resistance to homobgous reinfection have 
been made at a Hmp when immunity had reached or passed the peak of Tuaximal 
response. In rJimml studies the detection of orculatmg type specific antibody 
is necessarily limited by the methods which can be employed The free cir- 
culating antibodies detectable tn vUro by serological techniques probably repre- 
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daily from the marginal ear vems Animals which died were examined at autopsy 
and cultures were made of the heart’s blood 

Deicrmmalum of Ctrailaltng Avhbodus I’rea/>i/tns —Preapitin tests were 
earned out usmg 0 3 cc. respectively of undiluted rabbit serum and a 1 25,000 dilution 
of the acetylated pneumococcus Type I capsular polysacchande After thorough 
mixmg of the contents, the tubes were meubated at 37°C for 2 hours, refngerated 
overnight, and read the foHowmg morning 

Agglultmns —Tests for type specific agglutmms were earned out using serial 
dilutions of each serum Formahn-kiUed cells of Pneumococcus TjTie I, suspended 
m a volume of sahne equal to that of the onginal culture were employed To 
0 3 ca of the serum dilutions, 0 3 ca of antigen was added and after thorough 
mixmg the tubes were meubated at 37°C , refngerated overnight and read the fol- 
lowmg mommg 

Mouse Protecltve Anitbodtes — The sera of rabbits before immunization and at 
mtervals of 48, 72, or 96 hours thereafter were tested m mice for protective antibodies 
by titratmg dilutions of culture against a constant amount of serum 

The cultures of Pneumococcus Tj^ie I (S V-I) used m protection tests were of such 
virulence that the mtrapentoneal mjection of 10~® cc invanably proved fatal The 
protection test was considered negative if 0 2 cc of serum faded to protect 2 of 3 
mice agamst 10~® cc of culture Sera of rabbits which afforded protection to mice 
infected with 1(H cc (100 ) of culture were also tested agamst 10~* cc (1000 

M LJ) ) Amounts of culture greater than this were not used 

Blood Levels of Free and Acetylated Sidfapyndtne — ^Blood drawn at intervals 
durmg the penod of sulfapyndme administration indicated satisfactory ab- 
sorption of the drug The blood levels of free and acetylated sulfapyndme, 
however, vaned greatly in different animals under the same conditions Dur- 
mg the penod of administration the highest concentration of free drug noted 
was 15 0 mg per cent, the lowest 0 5 mg per cent The highest concentration 
of the acetylated compound was 71 2 mg per cent, the lowest 4 3 mg per cent 
Although the blood level of free sulfapyndme dropped fawly rapidly in the 
interval between doses and after admmistration was discontinued, the 
acetylated form was eliminated much more slowly In order that there should 
be httle or no sulfapyndme remainmg m the blood at the time of mtradermal 
infection it was found necessary to discontmue admmistration of the drug 24 
to 36 hours pnor to mfection Determmations made 24 hours before mtra- 
dermal mfection showed that only 9 of the 34 animals still had free circulating 
sulfapyndme, although at this time the blood of all of the 22 rabbits tested for 
the acetylated compoimd showed its presence m amounts ranging from 1 3 
to 71 2 mg per cent 

Determmations made immediately before mfection upon the blood of 30 
immunized rabbits which received sulfapyndme showed the presence of the 
free drug m 3 instances The blood of only one of these animals contamed a 
measurable quantity' (1 6 mg per cent) On the other hand, the acetylated 
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compcnmd was present m the blood of 11 out of 26 rabbits immediately before 
infection The levels vaned between 0^ mg and 5 7 mg per cent That 
these residual amounts of sulfapyndine remauung m the blood at the time of 
mtradennal infection exerted no significant mitigatmg effect upon the course 
of the disease is indicated by the following observations Sulfapyndme was 
present at the time of intradermal Infection in the blood of three of tha four 
treated animals which died Furthermore, the fatal course of infection m 
four sulfapyndme treated rabbits which were not immunised, was essentially 
the same as that m the normal controls Crystals of acetylated sulfapyndme 
were found at autopsy m the bladder and renal pelves of two rabbits which 
developed overwhclmmg bacteremia 

Toxic Effects of Stdfapyndtue — ^Almost all of the rabbits which received 
sulfapyndme showed some evidence of mtoxication dunng the course of drug 
administration This wus manifested bj varymg degrees of anorexia, weak- 
ness, and loss of weight Sulfapyndme intoxication may have been a con- 
tributory factor m the death of one rabbit which was infected 72 hour* after 
immunization and died on the 4th day after a mfld Alness unaccompanied by 
bacteremia Postmortem examination revealed a loss of 300 gm in weight, 
a minimal skin lesion showing evidence of healing and no gross abnormalities 
of the organs Analysts of the bladder unne disdoscd the presence of 
acetylated sulfapyndme In a concentration of 2^ mg per cent 

It seems evident that the amount of dnig used m these experiments was 
about the maximum that could be tolerated by the animal s over the period of 
admnustration 

Effects of Intravenous Injection of Pneumococcal Vaccines — The mtravenous 
injection of heat killed Pneumococcus Type I was frequently followed by an 
immediate but transient elevation of temperature. No other untoward re- 
actions were noted The variations of the immune response m sulfapyridme 
treated and untreated nnlmds at different intervals foUowmg immunisation 
are considered later in detail 

CJtaradenstics of Ute Disease Produced by Iniradermal Infection — ^The disease 
produced in rabbits by the mtradennal mjection of Pneumococcus Type I 
has been thoroughly described by Goodner (18, 19) The course of the illness 
in the 26 control apimfllp corresponded closely to his descnption The disease 
was characterized by high sustained fever, extensive dermal lesions, progressive 
bacteremia, and an invariably fatal termination withm 6 days In immunized 
rabbits modifications of these findings were progressively more in evidence as 
the mterval between immunization and infection was increased As a basis 
for the estimation of active immuni ty, the effects of infection at different m 
tervals after immunization m rabbits which received sulfapyndme are com- 
pared with the reactions of nnmials to which no drug was given These data 
arc presented graphically in Text fig 1 
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Text-Fig 1 Charactenstics of the disease produced bj intradennal infection with 
Pneumococcus Tvjje I m rabbits previouslj immunized with a heat-kiUcd suspension 
of organisms of the homologous tj'pe Immunization was earned out by a single 
mtravenous mjection of a suspension of heat-killed Pneumococcus Typie I equivalent 
to 10 cc of ongmal culture Intradermal infection was initiated by the mjection of 
0 2 cc. of a 1 5000 dilution of an 8 to 10 hours rabbit blood broth culture of virulent 
Pneumococcus T^qje L Sohd black sbadmg mdicates the number of daja during 
which a rabbit’s temperature was elevated to 104° or above Absence of shading 
mdicates absence of fei'er Plus signs represent the occurrence of dermal lesions 
graded m seventy from -f to represent a minimal lesion to -f -f -h -f mdicating one of 
mn-n Trial mtcnsity himus Sign mdicates that no lesion de\ eloped Cross hatching 

represents the madence and duration of bacteremia The small numbers m the 
cross hatched areas mdicate the bactenal colonj counts per cubic centimeter Cul 
tures of the blood which proi ed stenlc are mdicated bj the sj-mbol 0 D mdicates 
animals which died, and with but one exception is placed so as to designate the day of 
death Rabbit 7-14 died on the 11th da\ with persisting bacteremia 
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The criteria for theje comparisons mclude the madence and duration of 
fever, the occurrence and seventy of the lesfons, the degree and duration of 
bacteremia, as well as the number of fatalities and the tune of then occurrence 
Temperatures of 104°F or above were considered abnormal. The degree of 
temperature elevation is not included m this report since m moat instances high 
fever contmued until the tune of death or recovery The seventy of lesions 
has been designated by the symbols + to ++++, to represent the gradations 
of dermal mvolvement varymg from a small drcumscn'bed tuberculin litre 
reaction to an extensive area of dependent inflammatory edema with ecchymosis 
and necrosis. The most severe reactions were usually observed m the unvac 
cmated control animals, but not invariably, smce several died before the 
lesions appeared to be fully developed Evidences of mapient h ealin g of the 
dermal infection usually paralleled other indications of recovery The rate of 
healing seemed to depend upon the extent and seventy of the lesions The 
outcome of the infection, however, could not be predicted from the seventy of 
the local inflammatory process, for many of the animals infected 48 hours after 
vaccination had lesions of maximal intensity but ultimately survived. 

In all of the control arumals, and with but two exceptions among the 23 
vaccmated rabbits which developed bacteremia, cultures of the blood taken 24 
hours after infection yielded growth of Pneumococcus Type L In most of the 
vaccmated rabbits, notably those with low mitial colony counts, cultures of the 
blood became sterile coincidentally with other evidences of recovery, whereas 
in some of the vaccinated and in all of the unvaccmated rabbits, bacteremia 
persisted and progressively moeased until the time of death From seven of 
the eight fatahties among the 62 unmuniied rabbits. Pneumococcus Type I 
was isolated in cultures of the blood taken durmg life or at autop^ The 
am(^ exception was the rabbit mentioned above which may have died of 
sulfapyndine mtoxication 

Non-Immuntztd RabbUs — In the 26 control animals which received no sulfa 
pyridme the infection followed a uniformly fatal course Included m this 
number are those rabbits which received 1/10 or 1/100 of the moculum em 
ployed routmely m mfectmg the vaccmated animals. High fever persisted 
usually until the time of death and the lesions were characteristically of man 
mnl mtensity Cultures of the blood taken 24 hours after infection yielded 
from three to myriad colonies per cubic centimeter, and m every instance over 
wbehrung blood stream invasion occurred prior to the mvanably fatal ternuna 
Uon within 6 days In the four unvaccmated rabbits which received sulfa 
pyndine the course and termination of the disease were identicaL 

Rabbits Itrfedcd 4S Hours after Immunisation — (Text fig 1 ) Ten rabbits 
which receiv^ prehminary administration of sulfapyndine and ten which did 
not were infected 48 hours after immunization. As shown m Text fig 1 all 
of the untreated rabbits andallbuttwo of those treated with the drug developed 
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fever which lasted from 1 to 5 days, averagmg about 3 days m the febrile 
animals of both groups The lesions varied m seventy from ++ to ++++ 
m both groups On the whole the mtensity of the lesions was perhaps a httle 
less severe m the treated than m the untreated animals However, eight of 
the rabbits m each group had positive blood cultures 24 hours after mfecUon 
Although the seventy of lUness m most of the rabbits was such that death 
seemed i mmi nent over a penod of several days, only two ammals from each 
group ultimately succumbed, three withm 4 daj's and one on the 11th day 
foUowmg persistent bacteremia 

Rabbits Infected 72 Hours after Immunization — (Text-fig 1 ) In the ten 
treated and ten untreated rabbits which were infected 72 hours after immuni- 
zation the ma n if estations of infection were considerably less than m the com- 
parable groups of animals infected 24 hours earher Although fever occuned 
m every instance it was of shorter duration, averagmg about 14 days m the 
untreated and 24 days m the treated animals The seventy of the lesions 
was also less mtense averagmg about -b-1- m both groups with extreme varia- 
tions of -t- to H — [-++ Bacteremia occurred m four of the untreated rabbits 
of which two died, and m three of the treated animals of which one died One 
treated rabbit which did not have bacteremia died on the 4th day of illness 

Rabbits Infected 96 Hours after Immunization — (Text-fig 1 ) Half of the 
rabbits infected 96 hours after immunization, whether treated or untreated, 
seemed to be unaffected by the same moculum of Pneumococcus Type I pro- 
duemg severe disease m animals infected after shorter mtervals Only four of 
twelve imtreated and three of ten treated rabbits developed fever The 
average duration was 2 days m each group Lesions occurred m five animals 
of each group and were for the most part of minimal mtensity with mdividual 
vanations m seventy to -f- 1 — h None of these animals developed bactermia 
and all survived 

Active Immune Response at Diferent Intervals Following Immunization —In 
the immumzed rabbits manifestations of the disease produced by mtradermal 
infection were progressively less severe as the mterval between immunization 
and infection was mcreased The enhancement of resistance to infection in 
gnirnnk which had not received sulfapyndme could be explamed only on the 
basis of an immune response to vaccmation Likewise, m the animals which 
received sulfapyndme there was no evidence to contradict this assumption 
In order to compare the degree of active immumty m the respective treated 
and untreated groups of animals, and thereby determme whether or not the 
response m treated animals was affected by drug administration, a modifica- 
tion of the classification devised by Goodner (19) has been emplojed Im- 
munized rabbits which showed all the characteristics of the disease mvanably 
noted m the controls, mcludmg a fatal termination, were considered to have 
no unmumtj Those which showed no manifestations of disease were re- 
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gardcd as completely immune to the infecting dose employed. Grades of 
immunity between these extremes have been observed as mdlcated in Text fig 
2 With only two exceptions each rabbit could be readily classified m one of 
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Text Fig 2 Active immuni ty in rabbits at different intervab foDowmg im 
mumtation. 

Gr*i4 iwtwUMily 

0 «• no immunity 

1 - 

n - 

ra - 


C»rT*iptndi*f •/ ilswt 

Fever, lesion, bacteremja, and death. 

Fever, lesion, bacteremia survived. 

Fever and lesion no ba ct e remia , snmved, 
blimmallesion, no lever no bacteremia survived. 


rV - complete immumty No evidence of disease, survived 
Ail of the control nnlmals had 0 immunity 
■f Only 2 nn.m.l. did not fit readily bito these categones (1) moderate lesion 
and bacteremia, no fever, survived, (2) fever and lesion, no bacteremia died. 


the designated categones Since all of the unvacemated control animals 
showed no immunity they have not been included m the chart. 

It IS evident that as early as 48 hours after immunization most of the treated 
and untreated rabbits had some degree of resistance to mtradermal infection. 
Tbis 13 indicated chiefly by the fact that 80 per cent of the animal s in both 
groups survived The immunity was of a low order, however 60 per cent 
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velopment of arculatmg antibodies as well as the early de\ elopment of active 
resistance is not influenced by the administration of sulfapyndine 

DISCUSSION 

It IS evident from the experimental data that the admmistration of sulfa- 
pyndme has no appreciable effect upon the immune response m rabbits foUow- 
mg a smgle mtravenous mjection of heat-Lilled suspension of Pneumococcus 
Type I 

Of particular significance is the fact that active i mmuni ty^ as mdicated by 
resistance to mtradermal infection, was present 48 hours before any appreciable 
imm une response could be detected by tests for circulating antibody 96 
hours after vaccmabon, when antibodies were first demonstrable m the sera, 
all of the a nimals tested were almost sohdly immune to mtradermal infection 
Of the techmques employed for the determmation of circulatmg antibody, 
the mouse protection test was found to be the most sensitive, reveahng the 
presence of antibody m approximately twice as many instances as did the test 
for agglutinins or preapitins 

The precipitm reaction, although an exquisitely sensitive method for the 
detection of mmute amounts of capsular polysacchande, is less satisfactory 
than the mouse protection and agglutination tests for the purpose of demon- 
stratmg small amounts of antibody As the preapitate which forms the basis 
of this reaction is composed almost entirely of antibody, small amounts of 
antibody may fail to produce a nsible reaction with varying dilutions of antigen 
although m the presence of adequate antibody the reaction with antigen m 
dilution as high as 1 5,000,000 may yield a visible preapitate Furthermore, 
when used to test the sera of patients with pneumococcal pneumonia the 
preapitm reaction mtroduces another possible factor of error If the prepara- 
tion of capsular polysacchande employed is contanunated with even a trace 
of the pneumococcus C polysacchande the reaction of the latter substance with 
the C reactive protem of acute phase serum may be mismterpreted as an 
mdication of the presence of type specific antibody (20, 21) 

Tn ma n studies Comparable to those which can be earned out in experimental 
animals are not feasible Because of the many vanables axistmg m the patient 
with pneumococcal pneumonia it nould be impossible to conclude from the 
failure to demonstrate circulatmg type specific antibody that resistance to 
infection had not develojied or that administration of a sulfonarmde drug had 
affected the development of immumty^ 

Either failure to produce suffiaent circulatmg antibody or the removal of 
free antibody by combmation with circulatmg antigen could preclude the 
detection of antibody In any event, posiUve results mdicate only that an 
excess of antibody is present, whereas negatne results may signify merely 
that such an excess cannot be demonstrated by the techniques available 
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Experimental observations, however, point clearly to the fact that a con- 
siderable type specific immune response to pneumococcus developis rapidly 
and may be adequate to protect against infection m the absence of demonstrable 
arculatmg antibody Although the various types of pneumococa vary in 
their abihty to stimulate antibody formation it seems unlikely that the sulfon 
amide drugs exert different effects upon thifi particular property m different 
types of pneumococcus. From the present study it appears that the develop- 
ment of immunity m response to a ^leofic antigenic stimulus proceeds ac 
cording to the effectiveness of the stimulus Irrespective of whether sulfapyndine 
has been administered, 

SUmiAJlY 

1 Sulfapyndme, administered to rabbits during the penod of developing 
immunity after a smgle intravenous injection of heat killed Pneumococcus 
Type I, exerted no influence upon the immune response 

2 Active immunity os mdicated by increased resistance to homologous 
mtradcrmal infection was present 48 hours after the immunizmg mjection and 
2 days before circulating type specific antibodies were detectable 

3 Of the serological techmques employed for the detection of circulating 
antibody the mouse protective test yielded the highest percentage of positive 
results foQowed m orfer by tests for type specific agglutinins and preapitms, 
the latter bemg least satisfactory for the detection of small amounts of 
antibody 


CONCLUSTON 

The ex p erim ental findmgs lend further support to the view that, m man, 
effective therapy of pneumococcal infections with sulfonamide drugs is mti 
mately associated with the development of active immuni ty 
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The r61e of the antenor portion of the hypophysis m the production or mten 
sification of diabetes discovered In this Institute m 1929 and 1930 and 
since then has been studied continuously An abstract of this worL up to 1935 
was published by Houssay In 1936 Some of the extraetB of anterior hypoph 
3 ^ m animals without hypophysis and pancreas and with mild diabetes, 
mtensified the hypicrglyceima and glycosuna to a degree exceeding the intensity 
of the diabetes associated with pancreatectomy alone This was observed in 
the toad (Houssay and Biasotti, 1930), and in the dog (Houssay and Biasotti, 
1932, Houssaj, Biasotti, and Rietti, 1932, Houssay, Biasotti, Di Benedetti, 
and Rietti, 1932) These latter observations suggested a possible method of 
biological assay of the diabetogenic factor The present experiments were 
undertaken to demonstrate the relative potency of the diabetogemc pnnaple 
in extracts of the antenor hypophysis from ■Ninons spedes. 

Test Antmals 

(o) Dofs — ^The hypophysectomued-pancreatectomlred dog is difficult to maintain 
In good condition beause the mjeebon of antenor hypophyseal extract profoundly 
aggravates its condition On the other hand insulm cannot be used since they are so 
sensitive to this agent they develop fatal hypoglycemia from doses as low os 1 to 3 
units per day Nonnal dogs, while not showing this marked insulin sensitivity 
require such Urge amounts of antenor hypophyseal extract (betwee n 1 and 2 gm. per 
Hlo per day for several days) as to prohibit its extensive use for btzntwg the diabeto- 
genic principle. Mention should be made that this diabetes in normal dogs char 
actenied by hyperglycemia kctonemla hypcrUpemia, addosis etc., (Houssay, 1936) 
Is produced spcoficaDy by antenor hypophyseal extracts, extracts of other organs 
being inert. The hyperglycemia which Is preceded and accompanied by mcreased 
insulin resistance appears between the 2nd and 5th days after starting with the in 
jeebons. Upon dlscontlniiing the mjeebons, blood sugar returns to normal in 1 to 3 
days. If the «nimwl fasts, the mjeebons ptodnee insulin resistance without hy 
p ergl y ce mia 

Dogs with subtotal pancreatic reseebon demonstrate Sandmeyer^s diabetes if less 
flinn 3 gm. of pancreas are left This attenuated diabetes is not permanent smcc It 
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mav either improve or ad%-aiice progressi\elj to a fatal termination In man> cases 
this diabetes disappears vnth hj-popfaj^ectomi if the hy-perglj cemia and gbcosuna 
are not mtense and if the animal is not m a cachectic condition The mjection of 
antenor lobe extract m a dog havmg Sandmej er’s diabetes rapidlj aggTa\-ates the 
diabetic sjTnptoms and results m death (Houssaj, Biasotti, and Rietti, 1932) 

If 3 to 6 gm of pancreas are left m the dogs, they remain normoglj cemic and in 
good condition, but none the less verj sensitive to the diabetogenic action of the 
antenor hj’pophj'seal lobe extract (Houssa}', Biasotti, and Rietti, 1932) have 
demonstrated that as the pancreatic tissue is reduced surgically, smaller doses of 
antenor hj’pophj'seal lobe become necessary The difficultv with the very large 
pancreatic resections is that the dog may remam permanent!}' diabetic if large or 
repeated doses of antenor pituitary extract are gi\ en In these partiall} pancreatec- 
tomized dogs (retaimng 3 to 6 gm of pancreas) with normal gl} cemia, a permanent 
diabetes was first obtamed with antenor lobe extract This iabetic state persisted 
m spite of discontmuance of mjections of antenor h}'poph\seal extract and ultunately 
resulted m cachexia and death (Houssay, Biasotti, and Rietti, 1932) This phenom- 
enon has smce been confirmed m the rat by Long (1937, 1939), and m the cat by Dohan 
and LuLens (1939), and Lukens and Dohan (1940) Young (1937) later made the 
important observation that when the normal dog was injected with progressively 
mcreased doses of antenor hypophy'seal extract, diabetes was produced and per- 
sisted even though the hypophyseal extract mjections were discontmued 

The dogs with subtotal pancreatic reseebon but with normal gly cemia are vcr\ 
sensitive to antenor hy'pophy'seal extracts but they present two difficulties (1) 
permanent hy'pophy’seal diabetes may be obtamed m some cases (4 cases of the first 
12 dogs studied), (2) very exceptionally hyperglycemia and glycosuna may be ob- 
tamed from large doses of extracts of tissues other than hypophysis, once m the case 
of muscle and of thyroid gland m our large report of expienments These two diffi- 
culties may be met by (1) leavmg at least 4 gm of pancreas, (2) mjecting the animals 
no longer than 4 days, and (3) allowmg 7 to 10 day's to elapse before bcgmnmg a new 
senes of mjections 

Dogs with extensive pancreatic resection when hypophysectomized, maintam a 
great sensitivity to the antenor hy'pophysis extract without shomng non-specific 
diabetogemc reactions YTien the antenor hy’pophysis treatment is suspended, the 
glycemia rapidly' returns to the normal level and with fei\ exceptions the dogs recover 
from diabetes, provudmg the rules mentioned m the precedmg paragraph are followed 
The animals do not require sjieaal care and maintam excellent general health and 
have been successfully used by Houssay and Biasotti (1938) m their mvestigations 
and m the present study 

In the normal dog the antenor hypophyseal lobe of the ox has a diabetogenic action 
From 1932 to the present we hav e mjected this substance mto more than 500 anunab 
The bov-me antenor lobe showed diabetogemc action m normal anunals such as dogs, 
cats, pigeons, and gumea pigs (listed m order of decreasmg action) The action is 
still less on rats, rabbits, and white mice It has no action on either toads or serpents 
(Houssay, Biasotti, and Rietti, 1933) Accordmg to Young (1938) this action is 
constant m dogs but mconstant m cats and rabbits Rats, mice, and guinea pigs 
fail to show a diabetogemc response. 
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(J) Toads — In terms of response to the diabetogenic action of hypophyseal extract, 
the toad deprived of hypophysis and pancreas Is the most sensitive nntrrm] yet ob- 
served However, the nnmifll hves but a short time after removal of the pituitary 
and pancreas, and there are marled individual and daily variations in response to 
the injections of anterior hypophj'seal extract Comparative cxpcnments must be 
done m many animals on the same day and under identical conditions with adequate 
controls Groups of 15 to 20 toads were used in each senes. 

The diabetogenic action of the h>'pophyais of different speaes of anirmils has been 
studied in the toad and in other batrachians depnved of the hypophysis and pancreas. 
In tfie toad Bufo arenartm Hensd the hypophysis of the same toad is diabetogenic 
(Houssay and Biasotti, 1950) as well as that of fish, chicken, ox, dog and man (Hous- 
say and Biasotti 1931) and also that of Xenopm lactu, Lepiodadyllus oceUalus, and 
Bufo paracnemis Conversely m Bufo paracnomis there was a response from Bufo 
QTtnanm Hensel In the frog, Lepiodadyllus oceilalus (L ) Gu: , Ctralophrys omaia, 
and Bufo d’Orhigny without hiTJophysis and pancreas, the hypoph>'sis of the same 
animal has diabetogenic action In the toad, extracts of other organs of toads and 
of other speaes (amphibian bovme or human) are not diabctogemc. 

The neurolntermcdiate lobe of the hypcphysis of the load (equivalent histologically 
and ph^'Siologically to mammalian postenor lobe) has a diabetogenic action, although 
it is less than that of the pars distalls (equiMilcnt histologicall) and physiologically to 
mammalian antenor lobe) likewise the bovine posterior lobe of the hypophysis 
has some action but it is less active and more toxic than that of the antenor lobe of 
the same spedes (Hous5a> and Biasotti, 1930) 

EXPERIMENTAL DATA 

The diabetogeruc action of the hypophysis from v^ous animals (fish, 
batrachian, birds, mammals) was studied m normal dogs, in hypophysectomixed 
dogs with 4 gm of pancreas and m toads depnved of their hy^iophysis and 
pancreas The diabetogemc action of the serpent hypophysis was not studied 
m the dog because it had given poor results m the toad, and because it was not 
possible to obtain suffiaent amounts for use m mammals 

Expertmenis on Dogs 

Methods — In a few instances normal dogs were injected with human hypoph>'si3 in 
order to verify its diabetogenic oction in the animal not depnved of any organ In 
the remamder of the experiments 9 hypophyscctomized male dogs, with pancreas 
reduced to about 4 gm were used to test the diabetogemc pirndple 

Under ether anesthesia with midline Indsion partial pancreatectomy leaving the 
adherent portion to the duodenum with the main excretory duct was first performed 
Several days later, when the dog had recovered from the operation total hypophys- 
ectomy was done under ether anesthesia using the temporal route. The animals were 
not mjccted with hypophyseal substance until they had completely recovered from the 
surgical procedures and only when they were in excellent general health, usually 
several months after hypophysectomy Two dogs were used after almost 4 years 
(Table I) 
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The dogs were mostly males with an a\erage weight of 10 kilos (from 7 5 to 11 S 
kilos) and were kept m metabolism cages and fed raw beef (35 to 40 gm per kilo 
per day) Fastmg blood specimens were taken m the mommg precedmg the daj on 
which the course of mjections was started and on the 4 subsequent days before the 
mjecbons were given, t e , 18 hours after meals and 16 hours after the precedmg m- 
jecbon A small cut on the margm of the ear gave the necessarj amount (0 2 ca) 


TABLE I 


Dale of Operations and Sensitmty of Dogs Used 


Dog No 


Tcnninal state 

W eight ; 

Amount of bo\Tne 
anterior hypoph>iii 
exerting diabetogenic 
action per day 





Fresh 

Do 




it 

nt per it 

m; per it 

5 77 

Paocreatcctomlzed 8-4-1937 
Hypopbysectomiied ^25-1937 

Died of diabetes 9-6- 
1940 

10 5 

40 

9 4 

5 78 

Pancreatectormicd 8-18-1937 
Hypophyscctomlied 9-2S-1937 

; Died of distemper 
6-1-1933 

9 

20 

4 7 

5-88 

Pancrcatectomircd 11-20-1937 
12-15-1937 

Died of diabetes 4-2- 
1933 

9 5 

40 

9 4 

S-93 

Pincreatectomlxcd 12-31-1937 
Hypophysectonuied 3-12-1938 

Died of distemper 
12-4-1939 

10 

20 

4 7 

6-03 

PancrcatcctomUed 10-20-1938 
Hypopbysectomiied 11-15-1938 

Died of diabetes 
12-2!>-1939 

11 8 

40 

9 4 

6-07 

Pancrtatcctomixcd 10-14-1933 
Hypopbysectomired 11-21-1938 

Alive 6-15-1941 

10 1 

40* 

i 

9 4 

6-10 

Pancrcatectomlzed 12-16-1938 
Hypopbjiectomized 3-3-1939 

Alive 6-15-1941 

8 6 

20 

4 7 

6-26 

Pancrcatectomlicd 0-27-1939 
Hypoph>'5ectoTiuzed 10-21-1939 

Saenbeed 10-16-1940 

9 1 

401 

9 4 

6-27 

Pancreatectomized Sl-27-1939 
Hypopliystctoinired 10-21-1939 

Sacrificed 30-21-1940 

j 

7 5 

201 

4 7 


* Later there was not diabetes with 500 mg per kilo per da> 

X Later there was not diabetes with 150 mg per kilo per daj 

for the Hagedom-Jensen procedure with deproteimzation by the Somogyi technique, 


for determmation of the blood sugar Anrr 

Hypopht'ses of vanous speaes of animals were used (human, bovme, sheep, do^ 

rat pig. chicken, serpent, toad, and fish) The hum^ 

Umrf Som i Pathology Department.* The other hypophyses were taken from 


iThe authors gratefully acknowledge the courtesy of Profes^r P I Eh=*lde and 
ProSir D SttoBnan.andofDr O del Piano and Dr J A. Pique m making 
the human hypophyseal matenal a^-ailable 
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adult normal animals of both sexes The glands were removed immediately after 
the death of the animals, except for those of human and fish origin, which were re 
moved a longer penod after death end those from chickens which were removed a few 
hours postmorterm Hypophyses of the rats and guinea pigs were utihxed fresh 
Some were dned on a watch crystal (toad) and others such as those of human beings 
and dogs were placed m acetone, pulverized after 2 days and then kept m sulfuric add 
vacuum. The hj-pophyscs of hens and fish were used as whole giantfa but those from 
the other speaes of animals were used os separate lobes as is noted m each particular 
case. The glands were triturated In a mortar, suspended In physiological sahne solu 
tion, and finally stored in the refrigerator until used 


TABLE n 


Sptck$ 

1 

Nembcr of 1 
cUods VMd 

Aaterior lob* 

Posterior lob* 

Frtili 

Dried 

AmoM 

powdered 

Fieadi 

Dried 



mt 

mt 



mt 

ITaman halnn 

IQ 


n 

66 


15 3 

Docs 

40 

4J 

10 

7 09 


3 

Borfait 

IIK 

2000 

470 

433 

400 

86 

Oolac* piss. 

i 

U4J 

343 

3 60 

443 

0 97 

lUts 

JO 

44T 

1 097 

043 

1 1 43 

0413 

Teub 

100 

IJ 

045 


3 1 

1 0 37 




Whole brpopbrsls 




« 

1 3 

14 




“Corrifl*” 

6 

i ^ ^ 

00 




Chkiens 

T 


14 

1 04 




Toad (Suffi ortnarum Hensel) 

The fish ‘merlota ’ (Iferlucdur AubM Marfnl, 1939) 

The fish corvina ’ (Ificropcfon cpcrctikns Quoy and Gaimard 1824) 


The weight of the whole gland or the wdght of its lobes, was determined for the 
vanous types used m fresh or dned state ondjplaced m sulfuric aad vacuum for 
preservation (Table H) 

The bovine antenor hypophysis extract was prepared once a week. The gland 
was removed immediately after the anhnal was slaughtered and was placed at once 
m carbon dioxide snow In the laboratory they were kept at a low temperature and 
the antenor bbc was separated and reduced to pulp with a meat gnnder Water 
(2 400 cc.) and 0 8 per cent sodium hydroxide (600 cc, previously cooled) were added 
to 800 gm of prepared gland. The flask was shaken continuously while submerged in 
ice water and then placed in the refrigerator until the next day The mixture was 
then aadlfied with 150 cc. of acetic aad (2.5 per cent), then nlkaliniird with NaOH 
(0.8 per cent) until a hght alkalme reaction to phenol red mdicator was observed. 
After centrifuging the mixture a dear supernatant portion was drawn o5 and stored 
m the frozen state m 60 cc. containers. 

All mjections were given by the peritoneal route twice a day for 4 consecutive 
days usingphysiological saline solntions (0 8 percent) as a vehide for the hypophyseal 
substance. The volume used vaned In rdation to the dose of hypophysis admin 
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istered but always was less than 5 cc. All possible precaubons for asepsis were taken 
and we have not observed any Lind of infecbon although the stenhzabon of the extract 
could not be perfect because of the nature of the rnatenal injected 

On each test dog the diabetogenic acbon of the bovme antenor hj-poph>-seal lobe 
extract was detemuned by mjectmg the same dose dailj for 4 consccub\ e days If 
the fasting blood sugar detenninabon reached 150 mg per cent or more it was con- 
sidered as a posibve result When the test was completed the animal was kept at 
rest (m nonnoglycemia) from 7 to 10 da 3 rs before being used for further detemnnabons 
If the inibal dose was macbve, larger doses were given 4 to 7 days later until a posibve 
result was obtamed 

After a rest mterval the diabetogemc acbon of the hypophysis of another animal 
speaes was determined m the same manner 

Resiills — Bovine Hypophysis The dog’s sensitivity to bovine anterior 
hypophysis was fairly constant (see Table m) A positive result was obtamed 
with 20 mg per kilo per day m 3 dogs and mth 40 mg per kilo per day m the 
other 6 animals From time to time this potency was verified by test It did 
not change m 3, it mcreased m 3, the dogs remammg permanently diabetic and 
in the other 3 a defimte decrease of such sensitiveness was observed Not all 
the antenor hypophyseal extracts have the same activity Nevertheless, it is 
possible to nobce that the dog’s sensitivity itself changed httle during the long 
experimental penods (Table m) 

The bovme antenor hypophysis produced a diabetogemc acbon on the dog 
with its pancreas mtact A positive result was observed with 500 mg per kilo 
per day for 4 consecubve days m 14 per cent of the animals, with 1,000 mg per 
kilo per day m 53 per cent, and with 1,500 mg per kilo per day in 70 per cent 
On the hypophysectomized and partially pancreatectomized dogs (with 4 gm 
of pancreabc bssue) doses of 20 mg of extract per kilo per day in 3 dogs and 40 
mg per kilo per day m 6 dogs were sufficient to obtam diabetogenic acbqn 
In other words, they were 25 to 40 times more sensibve than normal dogs 
Human Hypophysis The diabetogemc acbon of human hj-pophysis was 
verified m normal as well as m hypophysectomized and pancreatectomized 
dogs (with 4 gm of pancreabc tissue left) From autopsy matenal 170 human 
hypophyses were assembled, the lobes separated, stored m acetone, and dned 
An alkahne extract was prepared from this matenal m powder form by the 
described techmque and placed m the refngerator 

Three normal dogs were mjected mtrapientoneally In the first, the exbact 
from 59 antenor hypophyseal lobes was given m 4 days, the remammg 2 re- 
ceived the extract from 55 lobes m 2 days The diabetogemc action was 
definite m the second dog and mcomplete m the first and thred dogs (Table IV) 

In the dogs depnved of their hj'pophyses and of a part of their pancreas 
the diabetogemc acbon was obtamed with 13 mg (or a htUe o\ er that amount) 
per kilo per day of fresh antenor lobe extract (Table IV) This findmg demon- 
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strates that human hypophysis has a marked diabetogenic action notwith 
standing the fact that two unfavorable factors diminished the activity (1) the 

TABLE in 

Doij DepHttd oj Sypcpkysa and viik Only 4 Gtn ef Pancncilc Thsut Injeded Periloneally 
iTickt a Day /or 4 Dayt uith Alhallne Eifraci e/ PruM AnltHar Lobt of Bovins 
Hypophysis {33 Per Cent in Physiological Solution) Blood Sugar Deter 
mined from Capillary Blood from Ear hlargin, Animals Being 
vUMoui Food for Previous 12 Hours 
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diabeiogenic action of hypophvsis 


glands of antenor hypophysis of the rat injected m 4 days The posterior 
lobe had no action in doses of 40 lobes m 4 days 

Dog Bypophysts The hypophysis of the dog showed httle diabetogenic 
activity m our few expemnents Diabetogenic acbon was obtained uith 100 
glands, but 50 glands injected m 4 days failed to produce any action m 1 dog 
which had responded to 80 mg per kilo per day of bovine antenor hj'pophj^al 
lobe extract (Table V) Because of the few animals used, and also because of 

TABLE I\' 


Normal and Test Dogs Injuled scilh Human Hypophysis 


Date 

Dog 

No 

Weight 

Injected hj^wi^yiis per per day 
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2 91 


92 

81 

89 

95 

83 


the mcreasmg resistance of the test animal, a final conclusion regarding the 
minimal active dose cannot be reached On the other hand, in toads without 
h>T>oph3^is and pancreas, the diabetogenic action of the dog hjTiophysis is 
extreme^ mtense There was no action with 93 postenor hypophyseal lobes 
of the dog mjected m 4 days 

Sheep Bypophysts We have verified the action of the sheep antenor hypophy- 
seal lobe m normal dogs (1,500 mg per kilo per daj), but we have not titred 
it m our partiaUj pancreatectomized animals 

Guinea Ptg Bypophysts Fresh antenor lobes of 36 guinea pigs (13 3 mg per 
kilo per da}--) had no diabetogemc acUon nor did postenor hypophyseal lobes 
of 36 gumea pigs (6 0 mg per kfio per daj) in dogs sensitive to 150 mg per 
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tilo per day of bovine hypophysis extract Larger doses might have been 
active but were not used 

Chicken Hypophysis Diabetogenic action was obtained with 237 whole 
hypophyses of chickens (35 mg per kilo per day) injected m 4 days. There 
was a nse of blood sugar to 144 mg per cent with 180 hypophyses of chickens 

TABLE V 


Dei! wWairf EypcpkyiU and bM AhnU d Gm of Panmai, Injctttd Inirapmimuallj Tuia 
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(15 mg per kilo per day) injected m 4 days m a dog sensitive to 40 mg of 
bovme anterior hypophysis (Table V) The equrvalent diabetogenie potency 
of chicken hypophysis compared to 20 mg bovine anterior hypophysis was 
between 7 J and 15 mg 

Toad Hypophysis (Bttfo arenarum Hensd) The diabetogemc acton of the 
pars Histnlw of the toad hypophysis (equivalent to the mammalian antenor 
lobe) has been studied by Fogha (1940) An mtense diabetogemc action was 
obtained with 200 lobes in 1 animal and with 100 lobes in another mjected In 4 
days. In 1 dog sensitive to 20 mg per kilo per day of bovme anterior hypoph 
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DIABETOGENTC ACTIOX OF HYPOPHYSIS 


However, we hesitate to make this conclusion final smce (a) the number of 
experiments was small, (6) the test animals showed a rapid loss of sensitint) 
at the time of the test, and (c) the anterior h>'poph 5 'sis of the dog has been 
found to be very active diabetogemcall> when tested on the toad 

We did not obtam a positive result with either antenor hj^iophysis of guinea 
pig or with the whole hypophysis of fish, probably because we did not use 
sufllaent doses The antenor hj-pophysis of the guinea pig is definitely activ e 
on toads and the h3^ophysis of the fish has a definite action on the same animal 
although it IS infenor compared with that of the other animals studied 

The antenor hj-pophysis of man has been shown to be the most active m 
partially pancreatectomized dogs as well as m hypophj'sectomixed and pan- 
createctomized toads But we obtamed m addition a positive diabetogenic 
action m normal dogs with pancreas mtact, with a daily dose of 1260 mg per 
kilo per day of fresh human antenor hj^pophysis lobe extract, in 2 days time 

The diabetogemc power of the antenor hjyiophyses which vv ere studied can 
be placed m the foUomng order of decreasing activity, tested on toads depnvcd 
of their hypophj^is and pancreas human, dog, toad (Bj//o arenarum Hensel), 
white rat, gumea pig, chicken (whole hypophysis), ox, snakes, “corv’ina” 
{Micropogon operculans) We found m the dog a sumlar order (human, toad, 
rat, chicken, and ox) The activity of the dog hj'pophysis on the dog was not 
established with precision and insufficient amounts of the hypophysis of the 
gumea pig and “corvma" were mjected to demonstrate theu action 

The diabetogemc action of the postenor lobe was also tested but smaller 
doses than that of the antenor lobe were mjected Nevertheless, it was 
verified by Houssay and Biasotti (1930 and 1931) on the toad and by Houssay, 
Biasotti, and Rietti (1932, 1933) on mammals that with equal weights its 
action IS much less mtense than that of the antenor lobe Thus 12 7 and 13 5 
mg per kilo per day of human postenor hypophj’sis and 33 mg per kilo per 
day of postenor h)q>ophyseal lobe of the dog did not produce any diabetogenic 
action In one instance, the diabetogemc action was obtained with 7 7 mg 
per kdo pier day of human hypophj’sis m dog No 6-10, but this result was due 
probably to an abnormal sensitivity of the dog on that date because it was not 
observed 2 months later m the same dog when 13 5 mg pier kilo pier day were 
given 

The diabetogemc action of the antenor h>T>ophysis must be considered as 
spiecrfic and pecuhar to this organ, as has been demonstrated bj Houssay, 
Biasotti, and Rietti (1932, 1933) because the extracts of other organs did not 
hav e such action m 4 da 3 's on the same dogs nor 660 mg pier kilo pier daj of the 
hver or kidne> of the toad (mcludmg the adrenals), nor 400 to 1000 mg per 
kilo per day of kidney, hver, spleen, tesUcle, muscle, and thjnoid of dogs or 

oxen 

Neither 30, 40, or 60 mg of corticosterone nor SO to 200 mg of desoxj corn- 
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costerone, injected in 2 days produced the diabetogenic effect Houssay and 
Biasotti (1938) did not obtain any action with prolactin (100 mg in 4 days) 
or with adrenotropic (adreno-cortlco-tropic) extract sent by Colhp (250 umts), 
follicle stimulating hormone (F S H ) (ISO mg ), and luteimnng hormone 
(L H ) (100 mg , , 100 units) 

CONCLUSIONS 

Of all the anterior hypophyses tested, those of the human produced the most 
marked diabetogenic action in the dog wnth its pancreatic tissue reduced to 4 
gnu, and in the hypophyscctomked and pancreatectomked toad The human 
hypoph>’si3 also produced diabetogcmc action in the normal dog on daily doses 
of 1 26 mg per kilo per day for 2 days 
The hypophysectonuzed dog with its pancreas reduced to 4 gm. is very 
sensitive to the anterior hj'pophyseal diabetogenic action and is the best test 
animal for demonstrating such action in mammals 
The antenor hypophysis of man, toad, rat, and chicken produces in such 
animals a diabetogenic action with doses of from 10 to 15 mg per kilo per day 
The bovonc antenor hypophysis has identical action m 20 mg doses That of 
canine ongm was much less active in a few though inconclusive experiments. 

It was impossible to demonstrate a diabetogemc action with either gumea 
pig hypophysis or with that of fish probably because msuffiaent doses were 
injected 

The diabetogemc action was not obtamed by the mjecUon of other organ 
extracts of toads, dogs and oxen, of corticosterone (30, 40, and 60 mg m 4 days) 
or of dcsQxycorticosterone (80 mg and 200 mg in 4 days) 

The toad (Bufo arenarum Hensel), depnved of its hypophj^sis and pancreas 
is the most sensitive biological reactor for testing the diabetogemc action In 
this animal the diabetogemc action of antenor hypophyses from vaned sources 
decreased m the followmg order man, dog, toad {Bvfo arenarum Hensel), white 
rat, guinea pig chicken (whole hj'pophysis), ox, serpent {Constndor constnclor 
(L )), the ^h “corvina” Mtaopogon operations (Quoy and Gaimard, 1824), 
and “meriuza” Meriuaus hubbst (hlanni, 1933) 
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NATURAL HISTORY OF POLIOMYELITIS INFECTION 


I 


any attempt to deduce the natural history of the infection from a gi\ en pattern 
of virus distribution 

In 1910, Firmer and Lewis (5) reported that Berkefeld filtrates of the mucous 
membrane of the nasopharynx obtained from recentl> paralj-zed monkejs produced 
paralysis m other monkeys In 1911, Landstemer, LeTOditi, and Danulesco (6) 
reported that a number of attempts to find virus m the nasal secretions of paralj’zcd 
monkeys failed until they mserted cotton plugs for 24 hours into the nostnls of 2 
paralyzed cynomolgtu monLej-s, and moculated the pooled filtrate intraccrcbrally and 
intrapentoneally mto another monkev which de\ eloped typical pohomjcUtis in 10 
days In three tests on the tonsils and pcntonsiUar mucosa obtained from three 
paral)'zed cynamolgi, which acre infected by the mtracerebral route, one vielded the 
virus In 1912, Levaditi and Danulesco (7) contmued these studies and recorded 
the foUowmg observations (1) tests with filtrates of the nasal mucosa obtained from 
4 mtracerebrally moculated, paralyzed cyiwmolgus monkeis were all negative and 
they stated that similar tests on a larger number of monkeys were also negative, (2) 
filtrates of the nasal secretions obtamed on tampons from 5 intraccrebrallj inoculated, 
paralyzed monkeys (2 rhesus and 3 cytiotrolgus) >nelded negative results when the 
secretions from each paralyzed monkey were subinoculated separately into a new 
monkej, (3) when the nasal secretions from two other cyiwmoJgns monkeys were 
pooled and submoculated mto a smgle monkey, virus was demonstrated, (4) six 
experiments m which tampons from mfected monkeys were placed m the noses of 
normal monkeys were negative, (5) tests on the tonsils from 4 intracerebrallv inocu- 
lated, paralyzed monkeys (1 rhesus and 3 cyiionwlgtis) yielded one positive result 
with the matenal from one of the cyiwmolgus monke>’s 

In more recent years a number of attempts to demonstrate the v irus m the nasal 
or nasopharyngeal mucosa and secretions of paralj’zcd rhesus monkeys have yielded 
negative results In 1938, Sabin and Ohtskj (8) observed that even after nasal 
mstdlation of highly potent “hi V ” virus m rhesus monkeys none was found m the 
nasal mucosa and secretions at the time of paral>sis, although vnrus was demonstrable 
at 72 hours after mstiUation by the method used In the same jear Sabin (2) re- 
ported that no virus was found m the nasal mucosa of 4 rhesus monkev s which suc- 
cumbed with Dyiical piohomyelitis after mjection of “hi ” virus bj the tonsiUo- 
phaiymgeal route In 1930, Kramer, Hoskwith, and Grossman (9) reported negative 
results when they submoculated the nasophaiy’ngeal and oral washings together wath 
nasal and phaiyngeal tissue obtained from 7 paralvzed rhesus monkevs some of 
which had been moculated mtracerebrally with “M V ” virus and others intranasally 
with the “Armstrong” virus 

The early experiments probably differed from those earned out later on in that 
strains of virus of more recent human ongm or cynomolgus monkeys were used, and 
m so far as larger amounts or virus might have been injected mtracerebrally and 
mtrapentonealiv Theoretically , it is possible that after injccuon of large amounts 
of virus mtracerebrally some may escape along the knovu casting conneepons betw cen 
the subarachnoid space and the mtersUbal Pssucs of the nasal mucosa, although 
Yofifey and Dnnier (10) reported that “M \ ” virus moculated mtracerebrally or 
mtranasally m rhesus monkeys could not be demonstrated in the lymph from the 
nasopharym. 
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In so far as one is searching for coroUanes to help explain events in the 
human disease, it is more relevant to know what happens when the vims has 
reached the central nervous system from a penpheral site than after intra 
cerebral injection Fully realising that ultimately one will have to consider 
separately the behavior of different strains of vinis in different hosts, it was 
deaded to begm the experimental mquiry into the centrifugal spread of poho- 
myehtis virus nith the monkey adapted V stram in rhaiis monkeys 
The mtrasciatic route of moculation was selected chiefly because we had 
reason to expect that poliomyelitis could be produced regularly m this manner, 
and despite the fact that, according to a report by Hurst (11), vims can some- 
times be found in the spinal fluid of such monkeys when the disease is fully 
developed although not m the earlier stages. Since poliomyehtis vims has 
never been demonstrated in the cerebrospinal fluid of human cases and rarely, 
if ever, m monkeys inoculated by other penpheral routes, the mtrasaatic route 
of infection might thus perhaps be expected to favor the possibihty of escape 
of virus from the subarachnoid space mto the nose 

Gateral Plan 

The plan of investigation 7.05 as follows (!) inoculate “if V ” virus into the sdatic 
nerve of a group of rliesm monkej's (2) collect the nasal secretions on absorbent cotton 
plugs (tbc method by which successful isolation of virus from Intracerebral]) inocu 
lated cyncmolstu monkevs was reported b) Landstclncr LcvadiU and Danulesco (6) 
and b\ Levadid and Danulesco (7)) every 24 tours during life (3) pool the secre- 
tions collected during each 24 or 48 hours from several monke)*s and tot for virus, 
(4) when the monkeys were cither prostrate or dead as a result of poliomyelitis m 
fection a number of tissues selected for th^ capaaty to Indicate the extent of cen 
tnfugal spread of virus are to be obtained with special precautions to avoid con 
tamination and tested for virus by subinoculation into new rhesus monkeys The 
spinal cord was included m the group of tissues from each monkey to serve as a posi 
live virus control The tests on the olfactory bulbs were expected to mdicate not 
only whether the virus had spread that far but abo, In case virus were found m the 
nasal secretions or mucosa, whether the virus had reached the nose by a neuronal 
pathway or otherwise. The presence or absence of vims m the tonsils and pharyngeal 
tissue might be an Index either of IjTnphatic absorption from the nose or centrifugal 
spread from the medulla Tests on the superior cervical sympathetic gangha tbc 
abdominal sympathetic ganglia of the celiac plexus the adrenals Email intestine, 
and sahvaiy glands were expected to show how far virus localized in the central 
nervous system wandered mto penpheral sympathetic ganglia or tissues containing 
collections of nerve cells of tbc parasympathetic si'stcm. It is well known that by 
the time a monkey is prostrate as a result of poliomyelitis Infection specific neuronal 
lesions mav be found m almost all the spinal ganglia and also in the sensory cranial 
gan^ia regardless of the route of inoculation (Pettc, Demme and KOmyey (12), 
Bodian and Howe (3), and personal observations) It is apparent, therefore, that 
the virus spreads to the sensory neurons dose to the spinal cord and medulla and 
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mght thus perhaps be expected to involve also some of the nerve cells ,n the gangba 
of ae sjunpathetic tnmk along the vertebral column m the thorax and abdomen 
although Pette, Demme, and Komyey (12) stated that m general no neuronal lesions 
were found m these ganglia WTiether or not it can spread as far as the collateral 
ganglia, such as the cehac, or the terminal gangha located -^vithin the viscera or glands 
that they mnervate, is a quesPon of considerable importance in aii> attempt to 
mteipret a given pattern of virus distnbuPon in cases where the original portal of 
entry of the virus is unknown 


Methods 

Vtrtts and Mode oj Inoculation — The “M V ” stram of pohomyehPs virus nas used 
Before each experiment glycennated cord was passaged and fresh virus was used for 
mtrasaape injection With the monkey under ether anesthesia an inasion through 
skin and muscle was made rmdway over the postenor aspect of the thigh and the 
saatic nerve was then exposed by blunt dissection 1 cc of a 10 per cent lightly 
centrifuged suspension of the virus was then injected into the nerve using a 20 or 22 
gauge needle which was moved back and forth withm the sheath of the nerve for the 
purpose of cuttmg a certam number of nerve fibers and exposing their axis cjdindcrs 
While balloomng of the nerve occurred dunng the injection, most of the moculum 
escaped mto the surrounding tissues It is noteworthy that of 8 monkeys so inocu- 
lated all developed poUomyehbs In view of the fact that some mvcstigators (Har- 
rison and Woolpert (13), Toomey (14)) reported that m their cxpenencc most monkeys 
faded to develop pohomyehtis after mtrasaatic injechon and m view of the fact that 
It has been suggested that vitamm D defiaency may faahtate progression of poho- 
myehbs vims along penpheral nerves, it should be pomted out that 6 of the 8 monkeys 
m the present expienments either had no vitamm D definency to begin wnth or else 
had been given vitamm D (dnsdol) for a picnod of 2 weeks pnor to moeulation, in the 
other two monkeys both chemical and roentgen evidence of D dcfiacncy were present 
The relabonship between vitamm D nutation (as determined by the concentration 
of phosphoms m the blood and roentgen examination of the bones) and the mvasive- 
ness of pohomyehps virus along penpheral nerves was studied on these monkejs but 
the data will be presented m another communication (15) 

CoUedum and Preparation of Nasal Secretions for Subinocidation — Directly the 
mtrasciatic moculations were completed, absorbent cotton was plugged into each 
nasal cavity At the end of 24 hours these plugs were removed and new ones were 
inserted The moist plugs were kept m a refngerator or frozen by means of solid 
CO; This process was repeated every 24 hours until the monkey was dead or sacri- 
ficed In the first senes of tests the cotton plugs for each 24 hours from each of 4 
monkeys were piooled for subinoculaPon into a new monke> In the second senes 
of tests the cotton plugs for each 48 hours from each of 2 monkeys were pooled As 
much as pwssible of the ongmal nasal juice w^ expressed from the cotton plugs and 
further extracts were obtamed by maceration v ith physiological salt solution foUow- 
mg the same procedure of extraction, centnfugaPon, and etherization that was used 
in similar tests on human beings and desenbed m a previous communication (16) 
The untreated (unethenzed) centrifuged sediments were msPlled intranasally mto the 
same monkeys which receiied the etherized supernatant hquids intracerebrallj and 
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intropentoncaHy Some of the etherked matciml saved for a second intrEcerebral 
Inoculation 4 to 7 days later Several montcys died of a bacterial pneumonia until 
the ether anesthesia used for the Intracerebral Inoculation was replaced by local 
anesthesia. 

CoUtdion and Preparaium of Tunes for Subinoadclioiu — ^Tbe various tissues were 
obtained when the paralyzed monkeys were either dead or prostrate. The adrenals, 
abdominal sympathetic (celiac) ganglia and plexus, the superior cervical sympathetic 
ganglia, sahvary glands (parotid and submaxDlary), spinal cord, and olfactory bulbs 
were all obtained with aseptic precautions and suspensions prepared of them were 





Chart 1 Clinical course of rhtsus monkeys inoculated mto right sciatic nerve, 

injected mtracerebrally or intraccrcbrally and mtrapcntoneally when suffiaent ma 
tenal was available. The nasal mucosa (obtained by a method prevwuslv described 
(8)) the tonsils with the attached pharyngeal tissue, and the small intestine were 
ground with sand and physiological salt solution and the centrifuged supernatant 
liquids were treated with IS per cent of anesthetic ether before intracerebral and 
Intrtperitoneal inoculation 

RESULTS 

TTie Hintml course of the experimental disease produced m the 8 monkeys 
by intrasoatic mjection of poliomyelitis vims is shown m Chart 1 It is 
noteworthy (1) that the mcubation penod was relatively short, paralyBis being 
observed first on the 3rd day m 3 monkeys, on the 4th day m 4 monkeys, and 
on the 5th day m 1 monkey, and (2) that the first nse m temperature occurred 
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oa the same day as the paralysis in 6 monkeys and on the day precedmg 
paralysis in 2 monkeys (to be contrasted with the disease foUowmg nasal 
instillation of the vinis when the first nse m temperature occurs 3 to S days 
before the onset of paralysis) The appearance of paralysis first m the inocu 
lated leg of 6 monkeys andmbothlegsof two othersislnaccordwiththe usual 
course of events The disease was purposely allowed to run its full course 


TABLE n 
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tlve results 

Ui — test Tiniatlsfictory becaote monkey died of citimneons causes before poliomyelltii 
could have developetL 


m these monkeys m order to permit the greatest possible spread of the virua 
The results of the search for virus m the nasal secretions of these monkeys 
arc shown in Table L While a number of the subinoculated monkeys died of 
non poliomyelitic causes, a sufficient number survived m the several senes to 
indicate that no virus is demonstrable m the nasal secretions of the intra 
soatically infected rhesus monkeys during any stage of the preparalytic or 
paralytic phases of the disease The tests on the tissues listed m Table n 
mdicate that by the time the terminal phase of the disease is reached or at 
death the virus had not spread suffiaentl> either m the central nervous system 















NATURAL HISTORY OP POLIOilYELITIS INPECTION. I 

to involve the olfactory bulbs and the adjacent nasal mucosa, or penpherallv 
to affect the collateral sympathetic gangha, such as the supenor cemcal 
gunpathetic, cehac, or the nerve cells m the adrenals, the coUections of nerve 
cells of the parasympathetic system such as those of Meissner’s and Auer- 
bach’s plexuses m the small mtestme or those m the sahvary glands and 
pharyngeal wall around the tonsds The negative tests with the tonsils offer 
confirmatory evidence for the absence of virus in the tissue spaces of the nasal 
mucosa and other regions whose lymphatics dram mto these nodes The 
positive results with the spmal cord of each monkey lend weight to the negative 
tests with the other tissues 


DISCUSSION 

The results of the present mvestigation indicate quite clearly the hmited 
spread of “M V ” pohomyehtis virus which has mvaded the central nervous 
sj’stem of rhesits monkeys by way of a penpheral nerve such as the saatic 
While It has been known smce Hurst’s (11) observations on the histological 
changes found m mtrasciatically moculated monkeys that the virus mvading 
the lumbar cord rapidly progresses as far as the thalamus and motor cortex, 
it IS now clear that the absence of lesions m the olfactory bulbs of such monkeys, 
previously noted by Sabm and Ohtsky (1) and Bodian and Howe (3), is also 
associated with an absence of virus It is also noteworthy that no lesions were 
found m the antenor perforated substance which was exammed m 4 of the 
monkeys used m the present study It is mterestmg and helpful that this 
correlation between the presence of specific lesions and occurrence of virus 
obtains m pohomyehtis, smce m most of the other neurotropic viruses studied 
no such correlation has been found chiefly because there usually is widespread 
dissemmation of the viruses m the central nervous ^tem dunng the termmal 
phases of the disease This limited localization of pohomyehtis virus as well 
as its correlation with the localization of lesions in the centra] nervous system 
has recently been found to obtam also m human bemgs (4) 

The negative results with the nasal secretions obtained during various 
stages of the disease, indicate that there is no justification for the generaliza- 
tion that elimmation of virus by the nasal route is one of the consequences of 
pohomyehtis infection That these negative results with the nasal secretions 
and nasal mucosa ob tamed m rhcsiis monkeys infected by a peripheral neural 
route with ‘’M V ” virus are probably not unique is evident from the fact that 
similar results were recently obtamed m studies on human pohomyehtis (4) 
The direct demonstration by Lennette and Hudson (17) and the indirect 
mdications from the experiments of Armstrong (18) and of Sabin and Ohtsky 
(1), that pohomyehtis virus may be ehmmated on the nasal mucosa foUowmg 
mtravenous mjection of large amounts, apparently have no beanng on the 
events which take place when infection occurs by penpheral neural routes 
The absence of virus m the collateral ^pathetic ganglia, the adrenals, the 
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salrvaiy glands, tonsils and pharyngeal tissue, and the small mtestme with its 
numerous nerve cells of Meissner’s and Auerbach’s plexuses, is ample evidence 
against the assumption that, at least m rhtsus monkeys infect^ with the 
“M V ” Etram, poliomyelitis anrus after multiphcahon in the central nervous 
system spreads outward again to affect peripheral collections of nerve cells in 
various tissues The recent tests on the same tissues of human bemgs witt 
pohomyehtis mdicated a similar absence of centrifugal spread, and for that 
reason the frequent findmg of the virus in the human pharynx and intestme 
suggested these sites as the probable usual portals of entry m man (4) 

The possibility that with certain strains of poiiomyehtis virus in certam 
hosts, there may occur a more extensive centnfngal spread cannot be evalu- 
ated on the basis of cxistmg data and certainly requires further mvestigation 
For mstance, m 1914, Fleiner, Clark, and Amoss (19) reported two eiperi 
ments in which virus was demonstrated In the celiac ganglia (a) in the first 
experiment the celiac gangiia from 4 monkeys which died after moculation 
with the “K” strum of virus were submoculated mto a rhesiu monkey which 
developed clinically and histologicnlly typical poiiomyehtis, (6) m the second 
erqieriment submoculation of the celiac plexus from a smgle monkey succumb- 
ing to the "K” virus also produced chmcally and histologically typical poho* 
myehtis. The interpretation of these findings m relation to the question of 
centripetal versus centrifugal spread depends, however, on whether the mon 
keys from which these ganglia were derived were inoculated only mtracere- 
bially or mtraperitoneally as well For if the donor monkeys had been mocu 
lated only by the mtiacerebral route these findmgs would indicate a centrifugal 
spread to the collateral sympathetic (celiac) ganglia, if, on the other hand, they 
had also received virus intraperitoneaHy the virus may have been present in 
the celiac ganglia as a result of centripetal invasion Bodian and Howe 
(3), for example, observed that lesions m the parasympathetic cfliary ganglia 
wer e present m monkeys succumbmg after intraocular moculation ("M V ” 
virus) but not after infection by other routes. Similarly one of us found no 
lesions m the supenor cervical sympathetic and celiac ganglia of 5 rhesus 
monkeys infected mtranasally with “M V ” virus, while after mtraocuiar 
mjection with the same strum of virus m the same species of monkey Bodian 
and Howe (3) found occasional lesions in the superior cervical sympathetic 
ganglia (which contam the sympathetic neurons supplymg the eye) in un- 
operated nmmnis and numerous lesions in monkeys whose diiary ganglia were 
removed prior to infection. The recent report of Burnet and Jackson (20) 
that they found the virus in the sympathetic cham in 2 of 4 cynomotpis mon 
keys which had been moculated mtracerebrally or mtraocuiarly with a strain 
of virus (Mar ) of recent human origin may perhaps be mdicative of a certain 
degree of centrifugal spread to the paravertebral sympathetic ganglia. How 
ever, if the sympathetic chnln whidi they tested included the cervical sympa 
thebe ganglia and if the positive results were obtamed in the animals which 
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to involve olfactory bulbs and the adjacent nasal mucosa, or penpherally 
to affert the collateral sympathetic gangba, such as the superior cervical 
^pathetic, cehac, or the nerve cells m the adrenals, the collections of nerve 
cells of the parasympathetic system such as those of Meissner’s and Auer- 
bach’s plexuses m the small mtestme or those m the sahvary glands and 
pharyngeal wall around the tonsils The negative tests with the tonsils offer 
confirmatory evidence for the absence of virus in the tissue spaces of the nasal 
mucosa and other regions whose lymphatics dram mto these nodes The 
positive results with the spmal cord of each monkey lend weight to the negative 
tests with the other tissues 

DISCUSSION 

The results of the present mvestigation mdicate quite clearly the hrmted 
spread of “M V ” pohomyehtis virus which has mvaded the central nervous 
system of rhesus monkeys by way of a penpheral nerve such as the saatic 
While it has been known smce Hurst’s (11) observations on the histological 
changes found m mtrasciatically moculated monkeys that the virus mvadmg 
the lumbar cord rapidly progresses as far as the thalamus and motor cortex, 

It IS now clear that the absence of lesions m the olfactory bulbs of such monkeys, 
previously noted by Sabm and Ohtsky (1) and Bodian and Howe (3), is also 
associated with an absence of virus It is also noteworthy that no lesions were 
found m the anterior perforated substance which was exarmned m 4 of the 
monkeys used m the present study It is interestmg and helpful that this 
correlation between the presence of specific lesions and occurrence of virus 
obtams m pohomyehtis, smce m most of the other neurotropic viruses studied 
no such correlation has been found chiefly because there usually is widespread 
dissemination of the viruses m the central nervous system dunng the terminal 
phases of the disease This limited localization of pohomyehtis virus as well 
as its correlation with the localization of lesions m the central nervous system 
has recently been found to obtam also m human bemgs (4) 

The negative results with the nasal secretions obtamed dunng vanous 
stages of the disease, indicate that there is no justification for the generaliza- 
tion that ehmmation of virus by the nasal route is one of the consequences of 
pohomyehtis infection That these negative results with the nasal secretions 
and nasal mucosa obtamed m rhesus monkeys infected by a penpheral neural 
route with "hi V ” virus are probably not unique is evident from the fact that 
similar results were recently obtamed m studies on human poliomyelitis (4) 
The direct demonstration by Lennette and Hudson (17) and the mdircct 
mdications from the experiments of Armstrong (18) and of Sabm and Ohtsky 
(1), that jiohomyehtis virus may be ehmmated on the nasal mucosa following 
mtravenous mjection of large amounts, apparently haie no beanng on the 
events which take place when infection occurs by penpheral neural routes 
The absence of virus m the collateral sympathetic ganglia, the adrenals, the 
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salivary glands, tonsils and pharyngeal tissue, and the small intestine with its 
numerous nerve cells of Meissner^s and Auerbach’s plexuses, is ample evidence 
against the assumption that, at least in rhesus monteys infected with the 
V ” stram, poliomyelitis virus after multiplication m the central nervous 
system spreads outward again to affect pcnpheral collections of nerve cells in 
vanous tissues The recent tests on the same tissues of human beings witt 
pohomychtis indicated a similar absence of centrifugal spread, and for that 
reason the frequent finding of the virus in the human pharynx and Intestine 
suggested these sites as the probable usual portals of entry in man (4) 

The possibflit> that with certain strains of poliomyelitis vims In certam 
hosts, there may occur a more extensive centrifugal spread cannot be evalu 
ttted on the basis of existing data and certainly requires further investigation 
For mstonce, m 1914, Flexner, Clark, and Amoss (19) reported two eipen 
ments in which virus was demonstrated in the celiac ganglia (a) m the first 
experiment the celiac ganglia from 4 monkeys which died after moculation 
with the stram of vims were submoculated into a rhesus monkey which 
developed clmically and histologically typical poliomyelitis, (6) in the second 
experiment submoculatlon of the celiac plexus from a single monkey succumb- 
ing to the 'TC” virus also produced clinically and histologically t>’pical policr 
myelitis The interpretation of these findings m relation to the question of 
centnpetal versus centrifugal spread depends, however, on whether the mon 
keys from which these ganglia were derived were inoculated only intracere- 
brally or mtrapcnConcally as well For if the donor monkeys had been mocu 
fated only by the rntracerebial route these findings would indicate a centrifugal 
spread to the collateral sympathetic (celiac) gan^, if, on the other hand, thty 
had also received virus mtrapentoneaUy the virus may have been present m 
the celiac gangjia as a result of centnpetal mvasiou. Bodian and Howe 
(3), for example, observed that lesions m the parasympathetic ciliary gan^ 
were present m monkeys succumbmg after intraocular moculation (**M V ” 
virus) but not after infection by other routes Simllaily one of us found no 
lesions in the superior cervical sympathetic and celiac ganglia of 5 rhesus 
monkeys infected intranasafly with V ” virus, while after mtraocular 
injection with the same stram of virus m the same speaes of monkey Bodian 
and Howe (3) found occasional lesions in the supenor cervical sympathetic 
gangJia (which contam the sympathetic neurons supplymg the eye) In un 
operated nnlmflU and numerous lesions m monktys whose ciliary gan^ia were 
removed pnor to infection The recent report of Burnet and Jackson (20) 
that they foimd the virus in the sympathetic chain in 2 of 4 cynomolpis mon- 
keys which had been moculated mtracerebrally or mtraocularly with a stram 
of virus (Mar ) of recent human ongin may perhaps be mdicative of a certam 
degree of centrifugal spread to the paravertebral sympathetic ganglia How 
ever, if the sympathetic cham which they tested mcluded the cervical sympa 
tbetic ganglia and if the positive results were obtained m the animals which 
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were inoculated mtraocularly, the virus might have spread there centnpctaUi 
along the sympathetic fibers and neurons connectmg the e} e with the central 
nervous system rather than centnfugally 
In view of the high mcidence of positive virus isolations from the stools of 
human bemgs with pohomyehtis, and the demonstration that the \nrus is 
present m the intestmal wall of patients djnng of the disease (4), it is of con- 
siderable importance to know whether or not pohomyehtis \nrus can reach 
the mtestmal wall or stools as a result of centnfugal spread from the central 
nervous system Clark, Roberts, and Preston (21), Howe and Bodian (22), 
and Toomey (23) reported negative results in tests on the stools of a total of 
17 rhesits monkeys which were paralyzed as a result of intracerebral moculation 
of “M V ” virus These negative results are especially significant m view of 
the demonstration by several mvestigators that pohomyehtis virus can pass 
through the alimentary tract of rhcsits monkeys without bemg mactivated 
(21), and the findmg m the present mvestigation that demonstrable amounts 
of virus do not spread to the mtestmal wall from the central ner\mus system 
In an attempt to detenrune whether the same w ould oh tarn for a stram of 
virus of recent human origm and for cynomolgus monkeys, we have made some 
prehmmary tests by searching for virus m the colon contents of 3 paralyzed 
cynomolgus monkeys, moculated mtracerebrally with our 1940 ‘Ter ” stram, 
and obtamed negative results In 1939, Kramer, Hoskwith, and Grossman 
(9) reported that they tested separately the contents of the small and large 
mtestmes (plus, m each instance, some of the mucosa obtamed by curettage) 
of 7 rhesus monkeys some of which received the "M V ” virus intracerebrally 
and others the “Armstrong” virus mtranasally While the contents from the 
large mtestme were negative m each case, they found virus m one instance m 
the contents of the small mtestme It would be easier to interpret the signifi- 
cance of this positive findmg if we knew whether or not it occurred in a monkey 
which had received the “Armstrong” virus (presumably a strain of more recent 
human ongm) mtranasally (and therefore also swallowed) In work which 
we have recently completed on cynomolgus monkej^s which developed paralysis 
after bemg fed a stram of virus of recent human ongin (“Per ”) we had no 
difficulty m demonstrating virus m the wall and contents of the small intestine 
(24) The possibility that strains of recent human ongm may behave similarly 
m rhesus monkej^ is now under mvestigation 

SUltMARL AND CONCLUSIONS 

1 Eight rhesus monkeys with expenmental pohomyehtis foUowmg intra- 
saatic moculation of “ISI V ” vnrus were used to study the extent of vims 
spread m the central and penpheral nervous s>'stems and the question of its 
elimination m the nasal secretions 

2 Tests on nasal secretions collected on absorbent cotton plugs daily and 
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continuously from the moment of moculation to the end of the fafled 

to reveal virus 

3 No virus was found m the olfactory bulbs, nasal mucosa, tonsils and 
adjacent pharyngeal tissue, salivary glands, adrenals, superior cervical sympa 
thetic ganglia, abdominal celiac ganglia, and small mtestine 

4 Elimmation of ^^ru8 by the nasal route was not one of the consequences 
of poliomyelitis infection resulting from mvasion of the V ” virus by way 
of a peripheral nerve in rhesus monkeys 

5 No indiscriminate widespread dissemination of virus occurred in the 
central nervous system of the mtraneurally inoculated rhesus monkeys nor 
did the virus spread outward suffiaently to mvolve the collateral sympathetic 
gan^ia or the collections of nerve cells m various peripheral tissues. Under 
certam circumstances, therefore, the presence of virus m these ganglia and 
tissues may be used as an index to the portal of entry of the virus 
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The suspension stability of blood, as measured by the rate of sedimentation 
of erythrocytes in plasma, has had wide appheation m mediane smee Fihiaeus 
(1) published the results of his investigations on the subject some twenty years 
ago It is well known that the sedimentation rate is mcreased markedly in 
many pathological conditions, notably in acute infections However, al 
thou^ a voluminous literature has gr o wn , dealmg with many aspects of 
this subjea, the mechanism responsible for the observed differences m the 
sedimentation rates of normal and pathological blood is not well understood 

Various workers have called attention to an apparent correlation between 
increases m the sedimentation rate and correspondmg increases in serum 
globulm or fibrinogen levels. An exceDcnt survey of the subject was made by 
Ham and Curtis (2), in which they discussed various techniques for measunng 
sedimentation rates, the influence of erythrocyte sire and total volume on 
the rate of fall, and correlation with fibrinogen levels 

In this paper, we shall report the results of studies on human blood in a 
number of pathological conditions, obtained by the method of electrophoresis 
These results have been correlated with corresponding observations on the 
erythrocyte sedimentation rates, 

Ifaisrujls and Methods 

Sedimentation rate measurements were performed on samples of blood* taken into 
tubes containing a dry mixtore of potassium and ammonium onlates, as recom 
mended by HelJer and Paul (3) In some cases hepann (Connaught Laboratories) 
was used as an anticoagulant instead of the oxalate mixture, about 0 1 mg of this 
material was sufficient for 10 cc. of blood. After thorough but gentle mixing the blood 
was introduced into Rourke-Emstene (4) tubes, graduated at 2 mm intervals over 
a length of 100 mm containing about 1 25 xoL The tubes were suspended in an 
accurately vertical position m a glass cylinder of water the temperatore of which 

* Fasting samples of blood were drawn from the antecubital vein with as httle 
stasis as possible. The sedimentation rate was measured withm 2 hours after 
coUection 
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remained quite constant, the work bemg done in a thcrmostatcd room at 25°C 
Readmgs of a clock were taken as the er>throc>te boundary came to succeeding 
graduabon marks The region of uniform rate of fall determmed the (uncorrccted) 
sedimentabon rate The parbal -volume occupied by the cells (hematocnt) ivas 
measured after centnfugmg the tubes for 30 mmutes at 3000 e p m The corrected 
sedimentation rate- was then obtamed -with the aid of charts pubhshed by Rourkc 
and Emstene (4) 

Electrophorebc studies were earned out in the Tischus apparatus, using the 
scanmng method of Longsworth (5) The technique has been desenbed in detail bj 
Longsworth, Shedlovsky, and Macinnes (6) All the determinabons were made in 
diethylbarbiturate buffer solubons at pH 7 8-7 9 and an ionic strength of 0 05, on 
samples of plasma or serum which had been diluted with 3 volumes of buffer solution 
agamst which they were then dialj-zed 

RESULTS AND DISCUSSION 

In the paper to -which we have just referred (6), electrophorebc determma- 
tions were made on the plasma or serum from a number of normal mdividuals, 
as well as on that of patients suffermg from aplastic anemia, rheumabc fever, 
pneumonia, pentomtis, pentonsillar abscess, acute lymphatic leukemia, 
lymphogranuloma, obstructive jaundice, hpoid nephrosis, and multiple 
myeloma The correspondmg sedimentabon rates were determmed by us, 
but were not pubhshed at that tune The present eleebophorebe studies ha\ e 
extended the work to mclude more normals and cases of tuberculosis, coronary 
thrombosis, duodenal ulcer, nephntis, arthritis, lymphosarcoma, bums, 
fractures, and cheimcally mduced shock m beatmg msamty The results are 
summarized m Table I, and some of the correspondmg eleebophorebe patterns 
are sho-wn m Figs 1 and 2 In columns 7 to 10 of the table are given the -vmlues 
for the rabos of a globuhn, /9 globuhn, y globuhn, and <f) (fibnnogen) to al- 
bumm, respeebvely The concenbabons of albumm m the plasma (or serum) 
appear m column 5, and the albumin globulm rabos m column 6 The cor- 
rected erythrocyte sedimentabon rates (e s R ) are listed in column 11 The 
concenbabons of the various components were obtamed from the areas under 
the correspiondmg eleebophorebe peaks, such as are shown m Tigs 1 and 2 
The values found for the normals m the present series agree closely with those 
found by Longsworth, Shedlovsky, and Macinnes (6) It was pointed out by 
these authors that the most strikmg and general change m the elecbophoretic 
patterns of pathological serum is reflected m the a globulm levek, which apjiear 

- The rate of fall of parbcles in a fluid contained m a tube of finite length is deter- 
mmed m piart by the parbal volume of the parbcles, smee thej fall against a counter- 
current of the fluid which must nse to replace the space formerly occupied b> the 
parbcles The counterforce thus exerted against the falling particles depends on 
the relab\e volumes of the piarbcles and of the fluid 
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to be sigmficantly increased in cases of vanons febrile Infections The present 
results confirm these findings and also bdicate that they hold true in cases of 
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mentation rates and fibnnogen levels (2) However, the addiUon of punfie 
fibrinogen to normal blood fails to increase the rate of sedimentation of er> tl 




Normal Tuberculosis 

plasma 




Coronary thrombosis Lymphosarcoma 

6 weeks 1 week 

Fig 1 

Figs 1 and 2 Electrophoretic patterns on normal human plasma and on plasma 
from indivnduals with tissue mjury from \’anous causes 

rocytes to the same extent as one observes m pathological blood containmg 
comparable quanbtes of this protein In Fig 3, we have plotted the sedimen- 
tation rate (e sji ) against corresponding levels of fibrinogen expressed as 
fibrinogen albumm ratios (^/A), usmg the results of Ham and Curtis (2) 
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It will be observed that only a qualitative correlation exists between these two 
factors 



TubcrcuJosia Toxemia of 

pregnancy 



Bleeding Fracture Multiple 

duodenal ulcer of femur bums 

Fig 2 

We have found no satisfactory similar correlation with either p globulin, 
7 globulin, or albumm globulm ratios. However, as will be shown below, a 
Significant correlation can be demonstrated between sedimentation rates and 
the corresponding a globulin present m the blood. 

In Fig 4 are plotted the a globulin levels, expressed as a globulin albumin 
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erythrocyte sedimentation rates and 


ELECTROPHORESIS 


ratios (or/A), against the corresponding corrected sedimentation rates 
(E s R ; In this graph hai e been included points corresponding to the results 
reported by Longsworth, Shedlovsky, and hlacinnes (6) as well as our more 
recent determmations Although it is not possible to draw a smooth cun’e 
through the pomts mdicated, any more successfully than m Fig 3, an m- 



Fig 3 Vanation of corrected eioThrocyte sedimentation rates with fibrinogen 
levels 


terestmg relationship appears By drawmg a horizontal line corresponding 
to the upper limit of normal sedimentation rate and a vertical line correspond- 
mg to the upper limit of normal a/A values (a/ A = 0 17), w e find aU the points 
correspondmg to the normals, as well as those for nearly all the pathological 
conditions which yield normal electrophoretic patterns, m the lower left hand 
quadrant The other pomts, corresponding to ele\ ated sedimentation rates, 
fall m the upper right hand quadrant If we were to draw another vertical 
hne at about a/A = 0 20, all the pomts in this more restricted upper nght 
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hand quadrant, with one exception, correspond to febrile conditions The 
significance of fibrinogen and of a globulin in the mechanism responsible for 
increased sedimentation rates m blood will be discussed m another paper 



Fig 4 Variation of corrected erythrocyte sedimentatioD rates with a ^obulin 
levels. 


We wish to express our appreciatKm to the following hospitals for their cooperation 
Gty of New York Department of Hospitals, Bellevue Hospital, Metropolitan Hos- 
pital Presbyterian Hospital, Rockefeller Hospital, Sloanc Hospital for Women and 
State of New York, Department of Mental Hygiene, Psychiatnc Institute and 
Hospital 

StJUUABY 

Electrophoretic studies and erythrocyte sedimentation rate measurements 
were earned out on normal and pathological human blood An increase m 
a globulin levels appears to takp place, as well as an mcrease m sedimentation 
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rates, when there is present any considerable inflammation or tissue destruc- 
tion, irrespective of its cause A graphic correlation is presented between 
sedimentation rates and a globuhn levels, which is at least as good as a similar 
correlation mvolvmg fibrmogen levels 

BIBLIOGRAPHY 

1 F&hraeus, R., Biocltcm Z , 1918, 89, 355, Hygtea, 1918, 80, 369, Ada med Scand , 

1921, 66, 1, Physiol Rev , 1929, 9, 241 

2 Ham, T H , and Curtis, F C , Medicine, 1938, 17, 447 

3 Heller, V G , and Paul, H , J and Clin Med , 1933-34, 19, 777 

4 Rourke, M D , and Emstene, AC,/ Clin Inv , 1929-30, 8, 545 

5 Longsworth, LG,/ Ant Chem Soc , 1939, 61, 529 

6 Longsworth, L G , Shedlovsky, T , and Macinnes, DA,/ Exp Med , 1939, 

70, 399 



STUDIES CONCERNING THE SITE OF RENIN FORMATION IN 
THE KIDNEY 

L The Absence op Renin in the Aolouebulas Kidney op 
THE MmSHIPUAN FlEH 

Bl MEYER FRIEDMAN MJ) Aim A KAPLAN PilD 

{From the Harold Bruntt Irtsltiule jor Cardtoraicidor Besearch, Mount Zion BojpUai, 
San Frandseo) 

Plate 1 

(RECCived for pubbcatlon October 20 1941) 

The discoveij by Tigerstedt and Bergmann (1) of the pressor snhstance, 
renin, in the kidney oi the rabbit bos been amply confirmed. This substance, 
moreover, has been found to be present in the kidney of every mammal thus 
far mvestigated (2-fi) The site of renm production or concentration in the 
kidney is unknown Goonnaghtigh (7-9), on the basis of histological studies 
, of normal and hypertensive kidneys of rabbits and dogs, suggested that r enin 
IS secreted by the jurtaglomeruiar apparatus. On the other hand. Weeks and 
his associates (10), from them studies concemmg the surgical reduction of blood 
pressure m hypertensive dogs, suggested that the tubule of the kidney is the 
site of formation of the pressor substancefs) The physiological mterdepend 
ence of both the glomerular and the tubular vasculature of the mammalian 
kidney makes the separate assay of cither system for renm content difficult 
However, the reported absence of glomeruh and significant arterial circulation 
m the kidney of the toadfish ( 1 1) suggested that renm assays of both glomerular 
and aglomerular fish kidneys might provide a umque opportunity for the 
determination of the intrarcnal site of renm production 
In the present communication, the results of such a study are reported 

Descnplum of Expenmenlal Material 

A The Midshipman Pish {Batrachoididae, Poriehthys notatus) —The mid 
shipman fish was studied because it was suggested to us by Dr Homer W 
Snuth that it might have an aglomerular kidney, as both the midshipman fish 
and the toadfish belong to the same family (Batrachoididae) Careful histo- 
logical investigation proved his suggestion to be correct 
The midshipman is a marine fish commonly found along the coast of northern 
California It is about one foot in length and has three peculiar and identifymg 
characteristics (1) when m shallow water it emits a low pitched mur- 
mur when irritated or disturbed, (2) it has four body lines consistmg of 
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minute yeUm\-i\lute circular areas running along its lentral surface, the 
mner two lines joinmg each other in a nide circular design, and (3) it has a 
homy spme at the base of the anterolateral fin and a midline dorsal spine at 
the antenor termination of the dorsal fin The small circular areas become 
luminescent at a high pH 

The kidney's gross anatomical structure is identical with the kidney of the 
toadfish as desenbed by Marshall (11) except that no renal artenal circulation 
and no midhne fusion of the separate kidnejrs were discerned Each kidne) 
weighed about 0 5 gm On histological examination (Fig 1) nith the aid of 
Malloty’s tnple stam, the kidney parenchyma was obsen^ed to be composed of 
two tj-pes of cells,— (1) lymphoid tissue cells and (2) tubular epithelium cells 
No glomeruh were obser\’'ed, even on senal section of the entire kidney The 
tubular epithehum is of one type, consistmg of cells which are cuboidal, 
equipped with a brush border and a nucleus situated proximally in relation to 
the tubular lumen 

B The Carp {Cyprtmdae, Cyprtntts carpw) — The kidney of the carp has 
been described both by Marshall and Smith (12) and by Moore (13) This 
kidney receives its artenal blood from the metamenc artenes ansmg from the 
aorta The glomeruh (Fig 2) are quite numerous, large, and veil lobulated 
At the entrance of the artenole into the glomerulus, an occasional concentra- 
tion of cells around the artenole was observed The nucleus of these cells is 
vesicular and occasionally surrounded by a halo as desenbed by Kaufmann 
(14) However, no granules were seen with the Masson tnehrorae stain, 
and the exact significance of these cells could not be determined by us The 
tubular epithehum appears to be of one typie and a brush border was present 

C The Catfish {Ameiundae, Ametmus nebidosiis) — ^The kidney of this fish 
also has been desenbed by the previously mentioned investigators (12, 13) 
Its vasculature and histological structure were observed to be essentially the 
same as those of the carp kidney However, the glomeruh did not appear to 
be as well vascularized and there were fewer juxtaglomerular groups of cells 
observed in this species of fish 

D The Hog —The kidney cortex of the hog was used solely for control 
purposes The vasculature, glomeruh, and tubular epithehum of the hog 
kidney vere observed to be essentially similar to those of the human kidney 

Methods of Extraction and Assay 

The extraction of the vanous tjqies of kidney tissue for renin content vas 
performed with shght modifications accordmg to the method desenbed by 
Helmer and Page (3) 

In bnef, 25 to 50 gm of fineh ground, fresh or refngerated (frozen m this labo- 
ratory and stored at -40° or -6°) kidne>'s were deh>drated and defatted b> two 
extractions with ice cold acetone and two extractions with ice cold ether at 0 C 
The tissue residue was dned m air and pulverized b> gnndmg with sand in a morUr 
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Crude extracts were prepared by extracting these powders with three separate 
portions of 2 per cent sodium chloride solution for 1 hour each at 0®C After cen 
trifugmg, the extracts were combined and poured through a coarse filter paper A 
total of 1 5 cc. of 2 per cent saline solution per gram of fresh kidney was employed 
but the usual jdcld after centrifuging and filtering was approximately 1 cc. per gm 
of tissue. The crude saline cartracts were stored at 0®C. until their assay, which 
took place between 1 and 20 hours after their preparation The pH was adjusted to 
7 0 with sodium h>droiidc just prior to their Inje^on into dogs. 

In certain experiments the extracts were partially purified and concentrated by 
extending the process to the stage of Fraction B' of Helmcr and Page (3) By 
this procedure, inert protein was eliminated by adjusting the pH of the crude saline 
extract to 4 5 with acetic aad. After centrifuging, additional inert material was 
precipitated bj bringing the supernatant fluid to 1 u potassium phosphate concen 
tratlon (pH 6 5) The mixture was centrifuged and the supernatant fluid adjusted 
to a concentration of 2 u potassium phosphate solution After fillenng the residue 
was dissolved in 6 to 10 cc. of 0 9 per cent sodium chloride solution (Fraction B) 
All procedures except filtration and centrifugation were earned out at 0®C. 

Several portions of the agbmenilor kidney were refngerated at --40®C for 14 days 
because of the difficulty m obtaining suffiaent material for complete assay expen 
menu. Ckintrol storage of hog kidney and carp kidne>, at —40 C. and — ^C., 
indicated that no significant dfmmubon of the renin content occurred at these temper 
atures during this penod of time 

Five sqjarate extractions of the midshipman fish kidney (A, B C, D, and E) were 
performed and the five extracts were tested on three nephrectomiied, anesthetized 
(pentobarbital sodium) dogs. The pressure was obtained by the cumulation and 
connection of the left femoral artery to a mercury manometer The Introduction of 
hog kidney extract equivalent to 5 gm. of the frtah material into each dog after the 
injection of aglomerular kidney extract was found to cause a prolonged pressor effect 
of over 30 mm. of Hg In every dog 

Four separate extraclJons of the carp kidney (A, B C and D) were performed, 
and the four extracts were tested on five dogs, three of wifich were anesthetized but 
not nephrectomized. One extraction of the catfish kidne>' (A) was performed and 
tested on two normal anesthetized dogs. 

Two separate extractions of hog kidney were performed and tested on two anes- 
tbetired dogs (one dog was normal) Also previously tested bog cxtracU were used 
for the induction of tachyphylaxis m several expenments. 

BESULTS 

Despite the fact that five separate extracts of varymg quantities of the fresh 
and riigcrated aglomerular kidneys of the midshipman fish were prepared 
and tested none of them were observed to exert a pressor effect upon the ne- 
phrectomized, anesthetized dog (Table I and Text fig 1) The crude kidney 
extracts, however, exerted a slight depressor effect on mjection 

Each of the five extracts of the glomerular kidney of the carp was observed 
to exert a preliminary depressor and then a prolonged pressor effect upon the 
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anesthetized dog Greater effects were obtained when the dog was ne- 
phrectomized pnor to the administration of the extract It should be noted 
(Table I) that a pressor effect was even ob tamed i\ith an extract equn'alent to 
as httle as 4 5 gm of fresh carp kidney Furthermore, it was observ ed that 
after the mduction of renm tachyphylaxis by the admmistration of hog renin 

TABLE I 


The Pressor Effect of Extracts of the Glomerttlar and Aglomcrutar Kidney 


Test animal 

Tyi>e of kidney extracted 

Aaotint of 
kidney 
tissue 
extracted 

Pressor 

response 

Duration of 
pressor effect 



pm 

mm ITffj 

mtn 

Dog 1 

Midshipman fish (A)* 

25 0 

0 

— 

Dog 1 

“ (B) 

32 0 

0 

— 


“ “ (C) 

10 2 

0 

— 

Dog 3 

“ “ (C) 

21 4 

0 

— 

Dog 2 

“ “ (D)t 

8 8 

0 

— 

Dog 3 

“ (D)t 

20 2 

0 

— 


•< ■■ (E)t 

7 5 

0 

— 

Dog 2 

Carp (A) 

9 9 

88 

Over 28 

Dog 3 

“ (A) 

4 S 

30 

“ 6 

Dog4§ 

" (B) 

8 0 

28 

“ 7 

DogS§ 

" (C)* 

20 0 

20 

« j 

Dog 6§ 

“ (Dili 

8 0 

48 

•• 11 

Dog 7§ 

Catfish (A) 

5 0 

20 

“ 10 

Dog 8§ 

“ (A) 

10 

40 

" 8 

Dog 2 

Hog (A)** 

5 0 

60 

■■ SO 

Dog 9§ 

“ (B) 

5 0 

60 

“ 9 


• Extraction earned to ‘TracUon B” stage 
t Stored at — 40'’C for 19 daj's 
§ Dog not nephrectomized 
II Stored at — 6°C. for 12 days 
** Stored at — 40°C for 14 days 

(Text-fig 1), the carp kidney extract failed to exert a pressor effect In one 
experiment also, the repeated admimstrabon of carp kidney extracts (each 
extract eqmvalent to 8 0 gm of fresh kidney) was followed by a typical renin 
tachyphylaxis In view of the fact that (1) carp kidney extract exerts a 
prolonged pressor effect tjqiical of renm, (2) is capable of produemg renm 
tachyphylaxis, and (3) is mcapable of produemg a nse m the blood pressure of 
a dog after the pnor mduction of renm tachjqihj laxis with hog renm, it appears 
clear that the pressor activity of the carp kidney is due to its renin content 
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Text Fio I The piessor effect o£ aglomerulat and glomerular fijh kidney eitracO upon the nephrectomlied dog 
Also the effect of fish glomerular kidney extract after the induction of kog renm tachyphylaxis. 
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The refngeration of carp kidney for 14 days at -6°C was not observed to 
dimmish notably its remn content 

The extract obtamed from 5 0 gm of the glomerular kidney of the catfish 
also was observed (Table I) to exert a prolonged pressor effect (typical of 
remn), upon a normal anesthetized dog 

The a dminis tration of an extract equivalent to 5 gm of fresh hog’s kidney 
was found to exert a prolonged and marked pressor effect when given to a 
normal anesthetized dog (Table I) Furthermore, refngeration of hog kidney 
at — 40°C for 14 da)rs did not destroy its renm content 

DISCUSSION 

The foregomg observations indicate that not only the kidney of the hog, but 
also the glomerular kidney of the catfish and carp con tarn remn However, 
repeated assays of the aglomerular kidney of the midshipman fish failed to 
reveal the presence of any t3qje of pressor substance Thus, although a 
strongly pressor extract could be obtamed from as little as 4 5 gm of fresh 
carp kidney, a similar assay performed upon 32 gm of fresh midshipman kidney 
failed to reveal the presence of a pressor substance In view of these findings, 
It appears clear that the aglomerular kidney of the latter fish contains no 
detectable renm 

The presence of renm m the glomerular kidneys of both the carp and catfish 
suggests strongly that the absence of renm m the aglomerular kidney of the 
midshipman fish is due primarily to the fact that the kidney of this last species 
lacks the artenal vasculature and glomeruh found m the two kidnej's first 
mentioned It strongly suggests, too, that the site of renm manufacture or 
concentration is not m the tubules of the mammahan kidney 

The presence of a juxtaglomerular accumulation of cells m the kidneys of 
both the carp and catfish has been descnbed No evidence of the possible 
endocrme activity of these cells, how'ever, could be detected from our limited 
histological studies 


SUMMARY 

1 The absence of glomeruh m the kidney of the midshipman fish {Fortch- 
tliys itoialtts) IS reported 

2 The detection of renm m the glomerular kidney of the carp, the catfish, 
and the hog, and the apparent absence of this substance m the aglomerular 
kidney of the midshipman fish suggest that the tubular portion of the mam- 
malian kidney does not produce or store renm 

The authors wish to express their thanks to Dr Homer W Smith of the New 1 ork 
Um\ ersit> and to Dr E K. SlarshaU, Jr , of Johns Hopkins Medical School who first 
suggested the use of the midshipman fish Information concerning the fish itself 
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was given to us by Dr Robert C Miller of the Callforma Academy of Sciences and 
by Dr Rolf L. BoUn of the Hopkins Marine Station 

We were aided m the histological study of the fish kidne>’S by Dr G Rusk of the 
Mount Zion Hospital 
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EXPLANATION OF PLATE 1 

Fig 1 The aglomerular kidney of the midshipman fish Note the absence of 
glomenih, and the presence of an abundant round cell stroma between the tubular 
constituents Mallory’s tnple stam X 200 

Fig 2 The glomerular kidney of the carp There is an abundant stroma com- 
posed of red and white blood cells Note the large and well developed glomerulus 
Mallory's tnple stam X 200 






QUANTITATIVE EXPERIMENTS WITH ANTIBODIES TO A 
SPECHTC PRECIPITATE 

lEL Aktioentc Properties of Horse Serum Fractions Isolated by 

ELECTROrnORESlS AND BY ULTRACENTRTFUQATION^ 

By HENR\ P TREFFERS Pn-D DAN H. MOORE, PilD akd 
MICHAEL HEIDELBERGER, PnJD 

{From the Deportment oj Ifedictne^ and the Electropkoresu Laborctory, Ccilege of 

Phyttciam and Sur^om, Columbta Untverstiy, and the Presbyterian Hospital 
New York) 

(Received for publication, October 28, 1941) 

The relation of antibodies to each other and to the other serum proteins is a 
subject of considerable theoretical interest and pmctical importance Since 
antibodies are proteins advantage maj be taken of a common propert> of that 
class of substances— the abilit> to act os antigens — in carrying out this com* 
panson In the first study of the present senes (1) rabbits were injected with 
a washed specific precipitate composed of the Type n pneumococcus specific 
polysacchande and the corresponding anticaTbob>drate from a Type II nnti 
pneumococcus horse scrum As the polysacchande is non antigenic in the 
rabbit (2) this procedure is immunologically equivalent to injecting pure 
antibody protein The resultmg onti antibody rabbit serum was absorbed 
quantitatiN cl> with a vanety of specific precipitates denved from horse serum 
In a second paper (3) the data u'erc extended to include the behavior of both 
horse and rabbit specific preapitates in immune chicken sera 

On the basis of their behavior as antigens the horse antibodies were found to 
fall into two groups, which conesponded with the immunological classification 
mto antibacterial and antitoxic (prerone) antibodies already noted by Ando 
(4) The almost identical ontigemc properties of the vanous antibacterial 
antibcxiics from horse sera suggested that at least the major portions of the 
protein molecules must be identical However from this evidence alone it was 
not possible to deade ivhether antibactcnal antibodies are normally occurring 
globulins, slightly modified to enable them to react specifically with the ap- 
propriate antigen, or whether they constitute a new antigenic fraction not 
present m normal serum Inasmuch as certain fractions containmg antibodies 
have been isolated from Immune sera by ultraccntnfugation (5, 6) and bv 

* The work reported in this commamatioD was earned out under the Harkntss 
Research Fund of the Presbyterian Hospital 

las 
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electrophoresis (7) it seemed possible that an immunological stud} of these and 
correspondmg fractions from normal horse serum might provide further e\T- 
dence on this point 


Methods and Malcndls 

L Itraccnlrtfugc —Most of the preparative and all of the opUcal runs vere made in 
an air-dnven ultracentnfuge ( 8 ) Lindl} placed at our disposal bj Dr Aura E Sc\er- 
inghaus of the Department of Anatom> of the College of Phtsiaans and Surgeons 
Sedimentation constants were determined at room temperatures merelj for the 
purpose of identif>'mg the proteins 

Electrophoretic Apparatus —MahAitics were determmed in the Tisclius apparatus 
(9), preferably with the Longsnorth scanning method, while the Philpot-Svcnsson 
cj'hndncal lens was found convenient in guiding separation procedures AH solu- 
tions were dialyzed for at least 2 days in cellophane bags against several changes 
of buffer at ice box temperatures The completeness of the dial} sis was tested in 
several mstances by calculation of the constancj of the refractive index increments 
of several dilutions of the protein solution with buffer The relative refractive index 
measurements were made with an interferometer 

Aith-Anltbody Scrum — This was the rabbit serum pool used m the earlier studies 
and resulted from injection of rabbits with a washed speafic prcapitatc denved bj 
reaction of Type IT pneumococcus specific carboh>drate with T>T 3 e II antipneumo 
coccus horse serum H513 ' Ultracentnfugal and electrophoretic analyses of the 
serum were earned out, both before and after absorption with polysacchande 

In electrophoresis no definite peak corresponding to a component migratmg be- 
tween the |3- and the 7 -components was found m the unabsorbed scrum as Would 
have been expiected from electrophoretic measurements on certam other anti-Pn 
horse sera (7) Measurements were made of the area under the curves, the average 
ratios of the a- , )3- , 7 -areas to the albumin area bemg 0 36, 0 44, and 1 39 for the 
unabsorbed serum After absorption with the Tjpe 11 speafic polysacchande the 
correspondmg ratios were 0 34, 0 37, and 0 72 The decrease m the first two ratios 
IS probablv within the experimental error, although the assoaation of a small amount 
of antibody with the ^-fraction is not excluded It is apparent, however, that in 
this particular case most, if not all, of the anUbody had the mobihty of a 7 globulin 
{cf 10) (Table EQ 

Ultracentnfugal data on a globulm solution from this same bleeding have since 
been reported elsewhere (11) Thev indicate^ that the antibod> is quite pol> dis- 
perse, although most of the antibodj had a sedimentauon constant of s 18 X 
10“*’ cm per second per dvne, there were apprcaable amounts mth s “ 11 and 30 
(Table I) 


> Obtained through the courtesy of Dr ^ B Wadsworth and Dr H W Lyall of 
the New York State Department of Health Laboratoncs 

- We wish to thank Dr A M Pappenheimer, Jr , for his kmdness in scndmgus 
the complete data before pubheaUon The> were made bv the Lamm scale method 
m the Svedberg ultracentnfuge at the Universit} of Wsconsin 
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Fradtons Isdaled from Normal and Immune Borse Sera by Ullraunlrifugalion — 
Scnira from normal unlmmunircd borsea contains a small amount of a high molecular 
•weight component of s — 18 X 10"“ (12) This fraction mcreascs marLedly with 
immunization m certain instances and port of this new globulin has been Identified 
as antibody (5) The rapidh sedimenting protein from two samples of normal horse 
serum was therefore isolated for comparison with the purified antibody solutions 
prmnousl) m\’cstigatcd (1) 

Preparation 1 112 mL of normal horse serum* were diluted 1 1 with saline and 
and enough mcrthlolate* to give a final concentration of 1 10,000 and run m two 
portions m an angle ultraccntnfuge* at 36 000 r pji for 7\ hours The rotor head 
was chilled before the run The small amount of jelly at the bottom of the tubes vi'as 
quickly washed by decantation and redisperscd m cold salmc The combined solutions 
were spun down again m the ultracentnfugc Yield about 7 mg of protein Approiu 
mate sedimentation constants were determined In the optical ultracentnfugc (Table 


table I 

Approximate Sedimentation Cenxiants of d«/ffen Fractions from Borse Sera 



StdIaKiitatkD cnMlul X 10 ' 
(cm./Mt7d3rBe) 

PrrpKntiao 

Usia 

COBjpOOCllt 

Other emapO’ 
DCfiU, Is order 
ol 

coMcatnUos 

Heavy giobulln from normal serum, preparatios 1 

18 

11 5 

globulin from normal serum preparation 2a 

15 

6 

* pTtpaiution 2b 

18 

7 

Anti Pali serum HSU antibody contoinm^ components* 

18 

U 30 

7 ><!Tk)balm isolated by electrophoresis of normal scrum 

8 3 

— 

7 -GlobaUn isolated by electro pho rests of immune serum ' 

23 

8 


I) after which the material -was redisperscd and used in the quanbtativc preapitation 
determinations recorded in Table ITI. 

Preparation 2 650 mL of another lot of nonnnl borse serum preserved with 1 10 000 
merthiolate were dilated with an equal volume of water and 1350 ml of satarated 
ammomum sulfate run m drop by drop with stirring. The gbbulin was allowed to 
stand ovemi^t, centnfuged, and the precipitate dissolved m water and dialyzed 
against 0 9 per cent saline The solution was then run in two portions m the ultra 
centrifuge for 4i hours at 48 000 rjal The solutions and the centrifuge head 
were kept m the ice box before the run and the temperature at the end of the run 

* We are mdebted to Dr A J WcHandDr W G Malcolm of the Lcderlc Labor* 
tones for the normal horse sera. The horses were in good health at the time of 
bleeding and had not been used for any immunization experiments 

< Manufactured by EliLilly and Company Indianapolis. 

* We are mdebted to Dr Jacob Furth and Dr Ehnn A- Kabat of the Department 
of Pathology of the Cornell Umverslty Medical College for the use of their air-dnven 
ultracentnfugc. 
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did not exceed 32 C The jell\ deposited dunng the first centrifugation was re 
suspended m sahne and recentnfuged wnth the second portion Both sediments 
were again resuspended in saline, mertliiolate was added to 1 10 , 000 , and the solu 
tions were allowed to stand for a month to permit complete rcdispersion ^\n optical 
run was then made (preparation 2a, Table I) It showed two components, of sedi- 
mentation constants s = 18 and s = 7, the former compnsing about 50 per cent of 
the protein A portion of this material ivas kept for quantitatu c prcapitm determi- 
nations The remainder of the solution was again centnfuged in the quantiU head 
at 36,000 R p IT for 2§ hours The resuspended jcllj was then allowed to stand for a 
month before optical anal^’sis (preparation 2b, Table I) The same two components 
were present but the heavier matenal had increased about fourfold An electro 
phoretic analjms was also performed on this solution (Table 11) 

Fractions Obtained by Electrophoresis — ^Tao samples of normal horse serum were 
subjected to prolonged electrophoresis in buffers containing 0 15 it NaCl and 0 02 si 
phosphate at pH 7 6 In one case it was possible to remove a part of the 7 -globulin, 
in another a small amount of /3-globuhn {cf 13) The y globuhn solution 11 as re- 
dialyzed and run again to provide more accurate mobiht\ data, and to venfj the 
electrophoretic homogeneity (Table 11) It proved to be quite homogeneous on 
ultra centrifugation as well (Table I) A portion of the 7 globulin was also removed 
from a bivalent (T>’pcs I and II) antipneumococcus horse serum H622S (Table II) 
Insuffiaent matenal was available to permit a determination of the amount of anti- 
body present, but from the sedimentation photographs it was estimated that about 
75 per cent of the protem was rapidly sedimenbng 7 -Globulin was also isolated 
from a weak goat Tvpe n antipneumococcus serum, but contained ver> httle anti- 
bod> A solution of the 7 -globuhn from normal pig serum was also available * It 
did not react with the antipreapitate rabbit serum when tested at concentrations up 
to 0 28 mg N per ml of serum A diluted unfractionated antipneumococcus horse 
serum was also tested against the rabbit scrum 

Analytical Procedure — Accuratelj measured portions of the rabbit antiserum 
against the horse Tj’pe 11 antipneumococcus specific prcapitate were set up at 0“C 
with vai^ang amounts of the antigens described above The analytical methods 
were those desenbed previouslv (I, 14) The tubes containmg the prcapifatcs 
were allowed to stand m the ice box, with occasional mixing, for 48 hours, followed 
bv centrifugation m the cold ‘ The preapitates were then washed twice with 3 ml 
portions of cold salme Nitrogen in the preapitates was determined by a modifica- 
tion of the micro-Kjeldahl method Tests made on the supernatants indicated 
whether all of the added anUgen had preapitated In those instances in which it 
bad, the antibodv nitrogen was taken as the difference between the total nitrogen 
found and the added antigen nitrogen In some cases of incomplete prcopitation 
of the added anUgen it was possible to dctcrmuic the amount of antigen left in the 
supernatants bv setting the latter up with another portion of scrum (15) Antibody 

' Obtained through the courtesv of Dr Elvm A Kabat, now of the Neurological 
Institute, Columbia Universitv jMcdical Center 

^ In a refngerated centrifuge supphed bv the International Equipment Company, 

Boston 
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nitrogen nhis then determined bj deduction of the corrected antigen value from the 
total N (Tables in-\TT) 

QuaJUoitvc Itthtbilion Rcaciions vtlk Sheep Serum — A portion of the rabbit ontl 
prcapltatc scrum was tested with increasing amounts of unfractionatcd sheep scrum 
globulin solution A marked precipitate could be obtained at certain dilutions of 
the antigen, a large excess complctcl> inhibited preapltntion Three portions of the 
rabbit antiserum were then set up with the same excess of sheep gbbulin One was 
kept as a control To another was added an equivalent amount of a solution of 
normal horse globuhn, preparation 2b The last portion was treated with an amount 
of goat 7 -globulin solution which ga\e a good precipitate In the absence of the sheep 
globulin The tubes were aUowed to stand overnight, after which it was found that 


TABLE n 

JEledropkortik MobflUUs AnUpen Fraeilons in Bufferj CcmUtinini OJS a NaO and 0J)2 a 
FhoiPhalt 


pTtpanitioB 

DttctodtnaiDofanirio X 10* 
oaTvoltyMC. 

pH 




0 

7 




Ultrtccntnfttged globulin fmm nonnal 
hcir>e semm, preparatfoa 2b 

Anti 'Pn n hone lerum H513 unab- 
•orbed 

Same after absorption with S n 

7 -Gbbulln from normal hone lerum 

7 -GlobtilIn from Immune icrum 

7 -Globolm from goat aemm 

-2 4 

-3 4 
-4 0 

“1 4 

-3 0 
-3 2 

-0 7 

-0 7 
-0 6 

-I 3 

-0 7 

-1 2 

6 41 

7 55 

1 7 55 

7 60 

7 49 

7 61 

7 Fraction mark 
edJ> decreased 

Single coropo- 
nent 

Single compo- 
nent 

Single compo- 
nent 


preapltation had occurred onlj In the tube contalnmg the added normal horse 
globulin It was evident therefore that an excxss of sheep globuhn can completely 
mhibit the cross-reaction of the rabbit antl-^ieafic precipitate serum with goat 
7 -globahn There was apparently no inhibition of the homologous reaction 

FINDINGS AND DISCUSSION 

In recent years much Information has become available on the physical 
properties of horse serum proteins Ultiacentnfugal analysis has shown the 
presence of several globuhn components m normal horse serum. The largest 
m amoimt is contained m the component with a sedimentation constant, s, of 
7, With traces of heavier protem of s *= 11, 18, or 32 (12) In ontipneu 
mococcus horse serum the concentrations of the heavier fractions, particularly 
that of s ■= 18, are markedly increased Most of this new material is anti 
body (5, 6) 
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Another type of anal>-sis can be made ivith the aid of electrophoretic methods 
Tisehus has shown (16o) that there are at least three globulin components in 
normal horse serum Of these, the a- , /3- , and y-globulins are charactenzed 
by mobilities of 3 8, 3 1, and 1 0 X 10~^ respectu ely, m buffers of ionic 

strength 0 15 at pH 7 7 Tisehus and Kabat ha\e reported (7) the antibodj 
m antipneumococcus horse sera to have a mobility of — 1 6 to — 1 8 under the 
same conditions, although some sera showed an additional antibodj of lower 
mobihtj, —03 to —09 Moore, van der Scheer, and Wjekoff on the other 
hand found (10) that all of the antibody in their antipneumococcus sera had a 
mobihty correspondmg to that of the -y-globulm Confirmation of the presence 
of antibody migrating between the and y-components in other sera has been 
made however (17) 

Relatively few studies have been made on the sednnentation constants of 
matenal isolated by electrophoresis, or the mobilities of fractions prepared by 
ultracentnfugation Tisehus has reported (16 a) that horse serum albumin 
obtained b}' electrophoresis had the same sedunentation constant as crjstalline 
serum albumm, and that normal horse y-globulm is also practically homo- 
geneous, with s = 7 0 X 10~*’ The a- and |9-globuhns exammed were more 
complex, m addition to the mam components of s = 6 7, there were others wnth 
s = 3 1 and 18 {cf also 166) Electrophoresis of purified antipneumococcus 
horse antibody solutions which showed polydisperse matenal in the ultra- 
centnfuge revealed the presence of increased amounts of matenal of mobilitj 
p = —0 3 to —0 9, as well as the component p = — 1 7 previouslj identified 
as antibody (7) The y-globulm from normal horse serum has recently been 
shown to be mhomogenous with respect to solubility (18) 

In the present study information was desired on the immunological properties 
of fractions m normal horse serum which corresponded m phj’sical properties 
with components present m immune sera It was first established- that the 
major part of the antibody in the horse serum H513, from which the immunizing 
specific preapitate was denved, was rapidly sedimenting (Table I) The 
rabbit antiserum to horse anti-Pn II (anti-antibody serum) therefore contamed 
antibody directed against a protem of high molecular w eight Electrophoretic 
study of H513 showed that the andbody was mainly m the y-globulin fraction 

Smee it has been established that normal horse serum contams a small 
amount of a high molecular weight component of the same sedimentation 
constant as antibody (12, 5) it was attempted to isolate enough for companson 
with the antigenic properties of antibodj fractions Sera from two normal, 
ummmunized horses were used By differential ultracentnfugaUon it was 
possible to free most of the rapidly sedunentmg matenal from the lighter 
components (preparations 1 and 2a, b) The analj tical control of preparation 
2 was the more complete, and the product was purer, although neither lot was 
homogeneous (Tables I and IL) 
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Both preparations were set up against the rabbit anti antibod> serum 
Preparation 1 removed only about one half of the total antrbod> present 
(Table HI) Preparation 2a precipitated more of the antibody, and after further 
ultracentnfugaUon preapitated practically all of the antibody N from the 

TABLE in 

Pratplialipn aj JtaU/il Anti Pn II Bone Spedjic Pndpiloie Serum by Beany Comfcttente 
of A ormal Bene Serum per ID W Serum (PC^ IS Bonn 

TotUNppte. ToU™«.p«».tu.U 

mt mt mt wf 

Teat antlecn ultnicentrifagcd globulbi from Domtl horse aennn, preparation 1 
0 WIJ Total 0 170 0 129 3 1 Exceas antibody, no 

antigen 

0 068 < 0 236 0 168 2 5 * 

0 095t • 0 284 0 189 2 0 « 

0 136 0 1291 0 360 0 231 1 8 Slight excess 

antigen 

0 181 0 151i 0 356 0 205 1 4 Excess antigen 

Mg, antibody N pptd, -• 4j9 (antigen N) — 9 0 (antigen N)*'* 

Test antigen ultracentrlfoged globulm, preparation 2b 
0 026| Total 0 192 0 166 6 4 Excess antibody 

no antigen 

0 034** 0 249 0 215 6 3 ‘ 

0 OSiU ‘ 0 326 0 275 5 4 

0 102 0 510 0 m 4 0 ' 

0 153 (0 150) 0 610 (0 460) (3 1) Traces antigen and 

antibody 

0 204 0 638{| Excess antigen no 

antibody 

Mg antibody N pptd — 9 0 (antigen N) — 15-5 (antigim N)*^ 

• Assuming all of the antigen N to be predpltated. 
t Single dctemunation only 

1 From analysis of the supernatant. 

|] Quadruple quantities of antigen and serum used for analysis to Insiue greater accuracy 
** Triple quantities used, 
tt Double qoantitia used. 

f I Supernatant ga\*c no predplUte with aaJt-tiitsodated Pn I antibody solution. 

rabbit serum (preparation 2b, Table HI) This mdicated that the heavy 
protem which now conshtuted the bulk of the preparation was the active anU 
gen, the hghter components in preparation 2n having possibly caused partial 
inhibition A comparison of the antigenic properties of these materials with 
other antigens mduding the salt-dissoaated antibody soiuhons studied previ 
ously (1) IS given in Fig 1 
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It IS evidmt that preparations isolated bj similar procedures from tuo dif- 
ferent samples of presumablj normal horse serum ha^ e dissimilar immunologi- 
cal pro^rties In the one mstance a product r\nth antigenic properties 
approachmg those of the ongmal pneumococcus anticarboh 3 drate was ob- 
tamed This findmg raises the question whether a horse with no prcMOus 
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Fig I Preapitation of an anti-antibody rabbit serum by vanous antigens Curve 
1, • >= Pn I, n horse 7 -globuhn, A ■= Pn n salt-dissoaated antibody solution 
(1), V => Pn I salt-dissoaated antibody' solution ( 1 ), Curve 2 = normal horse heavy 
globuhn, preparation 2b, Curve 3 (total N precipitated) = normal horse P globuhn, 
Curve 4 ■=» normal horse heavy globulin, preparation 1 , Curve 5a = normal horse 
7 -globuhn, Curve 5b (total N prcapitated) ■=■ normal horse 7 -gIobuhn, Curve 6 
(total N prcapitated) = goat 7 -globuhn 

history' of immunisation might not at some time hav'e been subjected to an 
unrecognized infection suffiaent to induce antibody formation The problem 
could only be solved by extensive experiments 
Less uncertam are the differences in antigemc behavior between a normal 
7 -globuhn and 7 -globuhn containing antibody' (Table IV) In this instance 
two serum proteins which have the same electrophoretic mobihty and are 
homogeneous by that physical entenon can be distinguished from each other 
by a second physical method, ultraccntnfugation, and by the immunological 
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method (Tables I, n, IV, and Fig 1 ) An mtcrpretation of this behavior 
in terms of the quantitative reaction constants is given below 
A sample of the low molecular weight /?-globulm from normal horse serum 
also cross-reacted with the onti-speofic prcapitate rabbit serum (Table V) 

TABLE IV 

Pncitntaihn ef Antibody frem Rabbit A nii Pnll Hono Spoafic Preap%Iaie Serum by Fraditms 
Itoiaied by Eioctropborttis from Normol and Imotunt Horse Sera 
per IjO Ifl Serum (fC , 48 Hours 


AaUjrcQN 
tdded ^ 

AatlfcnK 

ToulN pptd, 1 

\ AnllbottyN 

1 pptd 

AstOwdy N 


Aatlita N 
nlV> b K)t. 

Tcxti 00 sopemUat* 

■f 

mt 

•t 

1 •*( 




Te»t antigen r^lobalm eolation from nonsol bone teram 


0 0i8t 

Total 

0 149 

0 131 

7 3 

Foccts antibody 
no antigen 

0 030t 


0 213 

0 183 

6 1 

u 

0 0381 


0 243 

0 205 

5 4 

‘ * 

0 osig 

0 076 1 

0 lOlfl 1 

0 152 

Incomplete 

0 296 

0 354 

0 356 
0306 

0 245 1 

1 

4 8 

1 u 

Both antibody and 
antigen 
u u 

U 41 


Mg antibody N ppt<L • 10-8 (antigen N) — 26.6 (antigen N)w 


Test antigen t-slobalba eolation Ctom on antipnmmoaxas bone serum 


0 027f 

1 Total 

0 229 ' 

0 202 

7 5 

Etcfss antibody, 
no antigen 

0 05511 

1 Total 

0 381 

0 326 1 

5 9 

‘ ‘ 

0 073D 


0 456 

0383 ' 

5 2 

u u 

0 110 

0 103** 

0 562 

0 454 

4 2 

Excess antibody 
trace antigen 

0 137 

0 131** 

0 606 

0 475 

3 6 

Trace antibody and 
antigen 


Mg antibody N pptd. — 10.8 (antigen N) — 19.8 (antigen N)*^ 


• Asumlng that aQ of the added antigen U predpItaletL 
J IS tills quantity of antigen and oeniin used [or onalyiia. 

I Double quantities used. 

[] One and one half quantities used. 

•• From ocalyils of supernatant. 

A complete curve could not be constructed as the sample was anbgemcally 
inhomogeneous, but the data differentiate it dearly from the antibody con 
tainmg fractions. An attempt was also made to study the immunological 
behavior of antibody migratmg faster than the 7 <omponent, but m two sera 
which contained appreciable amounts of this component a portion of the anti 
body ocenrred m Ae 7 -globulm fraction as wbH (rf 6) A specific precipitate 
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made from one of these sera had practicallj the same quanUtati\e properties 
as the 7 -antibody specific preapitates (I) Another form of antipneumococcias 
horse antibody havmg a molecular weight of 150,000 has recentlj been reported 
( 11 ) No samples were available 

Marrack and Duff (19) concluded that a whole globulm solution from normal 
horse serum remov ed only a portion of the antibody from anti-spccific prcap- 
itate serum However, when v\e used whole antipneumococcus horse serum 
as antigen the total N preapitated corresponded to that expected from the 
antibody content of the serum {cf 4) 

It will be noted from Fig 1 that antipneumococcus Tjpes I and H horse 
antibodies isolated bj' salt dissociation and used as antigens follow closely the 
curve for the 7 -globuhn from an antipneumococcus horse serum The data 
may be expressed by an equation which has been found to represent satis- 

TABLE V 

Prutpitalion of Antibody from Rabbit Anti-Pn II Horse Specific Precipitate Serum icilh Normal 
Horse fi-GlobuItn per J 0 Ml Sentm, 0°C , 48 Hours 


Antigen N 
«ddcd 

Antigen N 
pptd 

Total N pptd 

Antibody N 
pptd 

Tests on sxipemaLants 


m 

mgm 

mt 


0 020 ^ 

Total 


0 08 

Excess A, no anbgen 

0 072 

Incomplete 


(0 17) 

Excess antigen, no A 

0 109 I 

it 


(0 22) 

Excess antigen, no A 


Single determinations only 


factonly the behavior of a number of other protem-antiprotem systems 

( 20 , 21 , 1 ) 

mg antibody N preapitated ■= hi (antigen) — is (antigen) (1) 

This equation must be regarded as empincal, for it is not yet possible to give 
the constants definite chemical and unmunological significance as is the case 
with the second power relation derived for a number of other systems (14, 21) 
Several conclusions may be drawm, however, when reactions show identical 
constants The v anation m the constants for the reactions of the y-globuhn 
solution (Table DO and the salt-dissociated antibody solutions (1) are within 
the limits of experimental error This would indicate that no significant 
change m antigemc properties had occurred during the chenncal treatments 
with salt The somewhat lower constants for the reacUon of the hcavj normal 
globulm, preparation 2b, (Table HI) are probably due to other antigens of 

lesser reacUvitj stiff remaining (see p 141) 

If the equations for the above are compiared wnth that for the reactivntv of 
the normal horse 7 -globuhn with the same anU-antibod> scrum it will be noted 
(Table W) that the decrease in preapitatmg power of the normal globulin to 
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about one-ha]f of the others is reflected m the different reaction constants 
obtained If, however, the equations for the normal and immune 7 -globulins 
arc recalculated* to the same maximum of ID mg of antibody N removed, the 
constants of the equations become identical (Table VII), the equation bemg 
expressed as 

mg. antibody N precipitated — 10^ (Gb N) — 13 6 CGb N)^ (2) 

where Gb N is the amount of normal or immune 7 -globulin mtrogen The 
reacU\nty of the normal horse 7 -globulm per mg 0 / antibody precipilaUd is 
therefore the same as that of the immune 7 -globulm antigen, and it is evident 
that the portion of the rabbit antibody which is preapitated by both globulins 
IS incapable of distinguishing between them The remaining portion of the 
antibody preapitates only the immune globulins or the heavy normal horse 
protein These findings may be compared with others from this laboratory, 
m which it TTOs noted that a cross-reacting antibody solution reacted equally 
well with two different pneumococcus specific polysaccharides ( 22 ) or that 
serum supernatants from the absorption with heterologous polj'sacchande (23) 
or specific preapitate ( 1 ) still yielded the same reaction curve with the homo- 
logous antigen as did the original serum, when calculated to the same antibody 
content 

The following hypothesis may be advanced to accoimt for the cross reaction 
of normal horse 7 -globulm with antisera to the 7 -globuhn from Immune sera 
The chemical composition of antibodies and normal globulins from the same 
spedes appears to be quite similar (24) The strikmg differences between the 
two 7 -globulms are the sedunentatlon constants and therefore the molecular 
weights, approximately 150,000 and 910,000 If the large sire of the immune 
7 -gIobulm were due to a polymerization of six specifically altered 7 -globuHn 
units, it might account for the cross-reaction of a smgle normal 7 -globulin umt 
with antiserum toward the polymerized molecule Such specific groups on the 
antibody 7 -globulm molecule as are responsible for its function as an antibody 
need not be taken mto account here smcc they apparently are not antigenic 
(1, 3) 

If this view were correct, the cross-reaction of the normal horse 7 globulin 
with an antiserum to the larger imm une 7 -globulm would be analogous to the 
precipitation of horse antisera to undegraded pneumococcus carbohydrate by 
vanous degraded pneumococcus polysacchandes (25) In Table Vn are given 

* The amount of antigen required to precipitate the caladated maximum amount of 
antibody, A may be found by differentiating cquabon (1) with respect to theanbgen 
and cquatmg to rcro (c/ 21) Spcaficall> equation (2) becomes 10 8 — 3/2 X 13 6 
(Gb N)* - 0, and is solved for Gb N Substitution of this new antigen value in 
equation (1) gives the corresponding maximum A Conversion to a basis of 1 0 mg 
A may be made by multiplymg the slope, by the ^ "K calculated above. 
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data on the reaction of a number of T^pe HI pneumococcus polysaccharides 
which had been partiaUy hydroljzed by aads This treatment is known to 
break down the pol 3 ^cchande cham mto shorter units (25) and can be fohoncd 
by changes m the viscosit}' or m the amount of reducmg groups It will be 
noted that m spite of the smaller quantities of antibody precipitated bj a gn en 
amount of the aad-treated polysacchandes, the reaction constants calculated 
to a common maximum amount of antibodj preapitated (1 0 mg N) arc 
remarkablj sunilar to each other and to those for the untreated matenal In 
contrast is the behavior of the Tj'pe I pneumococcus polysaccharide treated 
with alkah Under these conditions changes m the pol^ sacchande arc known 
to be more complex than simple depoljmienaation (25, 26) The data avail- 


TABLE \T[ 

Cross Eeaciton of y-Glohuhn from Goat Scrum inth Antibody from Rabbit Anlt-Pn 11 Horst 
Specific PrectptlaU Serum per 10 Ml Serum, 0°C , 4S Hours 


Antigen N 
added | 


Total N 

pptd 

Antibody N 
pptd 

1 

Antibody N 


Antjsen N pptd 

AnUpen N 
In ppt • 

Teats on nipematanU 

1 

mj 

m 

m 

i 




Test antigen •r-globulin of goat serum 

0 01st 1 

Total ! 

0 052 

0 037 

25 

Excess A, no antigen 

0 030t 

Incomplete 

0 092 


1 

Sbght amount antigen and anti- 






body 

0 060§ 

II 

0 132 



Excess anbgcn, trace antibody 

0 090 

II 

0 126 



Excess antigen 

0 120§ 

11 

1 

0 108 


1 

11 Cl 


* Assuming all of the added N to be preapitated 
I Double quantities of antigen and serum actually used 
§ Smgle detenmnation only 


able, while less numerous, are quite concordant and show clearly the marked 
differences m the reaction curt'es produced by the action of alkali on this 
antigen 

A sbght cross-reaction with the anti-antibody rabbit scrum was obsened 
for the isolated •Y-globulin from goat serum (Table VI) No sedimentation 
data were available for this preparation Comparison could be made, howe\ er, 
of the relative preapitatmg powers of two antigenic fractions from twodifferent 
species toward antisera to one of them From Tables m and VI it may be 
estimated that the goat 7 -globulm removed about 15 per cent of the anti- 
body toward the homologous (horse) antibod> 7 -globulm A prelumnar> 
anab-sis of the cross-reactiintj' of electrophoretically isolated goat albumin 
against a rabbit antiserum to crj'stalhne horse serum albumm showed that 
the antibody N preapitated m the equnalcnce zone was about 10 per cent of 
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that removed by the horse albumm • The order of magnitude m the cross 
reactions between goat antigens and rabbit antisem to the corre^nding 
fractions from horse sera Is thus the same 

TABLE Vn 

Prtcipiiin Raidten CkaradensUcs wUk Antibody N PndpitaUd at One AnHitn Letd^ and 
Empirieol Reaction Constvds CaUndated to a Itaxtmum ef IJO Hi of PrecipUdbU 
Antibody 


pTtjmntkiG 

Antibody N 

ppyLptrml 

byfbmuBOQst' 

Soetkm coMtuta erpi&Uon (1) 
per in ms trurinnim tatibody 


of UltlCCB 
(cxpcrlioeata]) 

leteccptfAi 1 Slope h 


Rmbblt anti-spedhc pred(^tate semm vrith hone gbboHn fractioiis 



onStax proUla 
uitlfniN 



Pn n antibody solution (1) 

0 320 


13 9 

Pn I antibody solution (1) 


9 9 

11 9 

Antibody 7-globulm 

0 310 

10 8 

13 6 

Normal *rglobulln 



13 6 

Normal heavy globuUo, preparation 1 

0 145 

4 9 

4 1 

” “ preparation 2b 

0 270 

9 0 

10 3 


Hone anti Pn HI antibody aohdon and various S III preparations* 



oJiDf sm 



Untreated S HI 

2 12 

39 5 

95 

SHI HQ A 



98 

S m, HiSO, B 

1 68 

41 4 


S HI HOC 

1 62 



Sm^HOD 

1 36 

39 5 

96 

s m HiSO* c 

1 30 

/43 5t 
\37 0 

Am 

\87 


Horse anti Pn I serxim and S I prtpantlcmi| 



0.15 ms 5 1 



S I untreated 

0 340 

12 8 

17 6 

S I, tnated irith «DuJS «t 37° 

0 220 

10 7 

13 5 


• from (25) and unpnbllsbed cipcrfaDCnt* m this laboratory by Dr Forrest 
E. Kendall. The fractions are described In (25) 

t Because of the scattering of the points about a str^shthne the highest end lorrest values 
from the data ore given, 
f From nnpnblkhed data by Mrs. H. F Havas. 

The technique most commonly used m determining the degree of zoological 
relationships is to mject rabbits with the whole serum of one speaes and to test 

• The sermn used was cahTirated by Mr Manfred Mayer of this laboratory 
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the resulting antiserum with whole serum from another speaes Interpreta- 
tion of the results is compheated by a number of factors IVhole serum is a 
mixture of antigens which may differ considerably m their relati\e concentra- 
tions and m their antigenic powers An undue ptoporUon of the antibodies 
produced rmght therefore be directed toward a minor serum constituent If 
this compheated mixture of antigens and their antibodies is exammed bj the 
usual dilution methods multiple zones of preapitation often result, with partial 
or complete inhibition of some of the reactmg sj'stems The use of dilution 
methods and whole serum would, for example, completely obscure the relation 
between the antigemc properties of the normal horse 'y-globulin and the im- 
mune horse 7 -globulins traced above 
A more direct method would be to study the anbgemc properties of one or 
more homogeneous fractions isolated by chemical methods or by electro- 
phoresis or ultracentnfugation from the sera to be compared The mteraction 
between these antigens and their antibodies could then be satisfactorily deter- 
mined by quantitative absolute methods, sucb as have alreadj proved useful 
m comparing the species specificities of mammalian thyroglobulins (27) 
Further studies along these Imes would show whether the percentage of cross- 
reaction of vanous serum fractions is constant for related speaes (as in the 
mstance of the horse and goat albumins and 7 -gIobulms here reported) or 
vanable, with perhaps limituig cases m which only the albumins (or globulus) 
possessed groupmgs m common Whatever the finduigs, it is possible that 
this information would be of more fundamental significance for general physi- 
ology as well as zoological classification than are the conclusions drawn from 
the average behavior of compheated mixtures such as whole sera 

It IS concluded from the data presented that antipneumococcus antibodies 
Torn horse sera resemble m antigenic behavior certain normally occumng horse 
ierum globulins, while they differ m some respects from others having the same 
sedimentation constant or electrophoretic mobihty Thus the antibodies were 
iractically identical in antigemc properties with a rapidly sedimentmg globulm 
tom one sample of supposedly normal horse serum but differed m these prop- 
irties from a sample with the same sedimentation constant from another horse 
Differences m antigemc behavior between the normal and immune y-globulm 
if the same electrophoretic mobility were accompanied by differences m 
sedimentation constants and molecular weights, m accord mth quantitative 
relations among the unmune properties suggestmg that the differences are but 
reflections of the variation m cham length 

STTMIIAR'V 

1 Rabbit antisera to a T>-pe n pneumococcus specific precipitate from horse 
serum were tested with fracUons prepared bj ultracentnfugation and electro- 
phoresis of normal and immune horse serum 

2 In one mstance a rapidlj sedimentmg protem from normal horse scrum 
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had nearly the same quantitati\ e antigenic properties toward the anti-antl 
body rabbit serum as did the purified pneumococcus antibody solutions previ 
ously reported In another Instance a comparable fraction removed only a 
part of the rabbit antibody 

3 Electrophoretic 7-globulm from an immune horse serum had quanbta 
tivel> the same antigenic properties as did antibody solutions prepared by 
salt-dissoaation of specific precipitates. 

4 Electrophoretic y-globuUn from normal horse serum differed m its anti 
gemc behavior from 7-globulm contammg antibody The data arc compared 
with the antigenic properties of aad and alkali treated pneumococcus specific 
polysacchandes tcra*ard antipneumococcus horse sera An mterpretation m 
terms of polymers is suggested 

5 The CToss-reaction of goat scrum 7-globulm against the anti-antibody 
serum is reported and the extent of the reaction compared with those of goat 
and horse serum albumins against a rabbit antiserum to the latter 
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THE LS-ANTIGEN OF VACCINIA 


I iNHTBrnoN OF L- AND S-Antibodies by Substances in Treated Vaccine 
Dermal Filtrate* 

Bt JOSEPH E SMADEL, MJ) amd THOMAS M. RIVERS, ILD 
(Frcrm the Bosfnioi of The Rochefdler Institute for Medtcai Resecrch) 
(Received for pubbeabon, October 22, 1941) 

A relationship between the heat labOe (L) and heat stable (S) soluble anti 
gens of vacanm has been shown to exist by 8e\'eral workers Cralgie and 
Wishart (1) ongmaDy regarded the two antigens as occurring in the form of a 
complex which dialed two separate antibodies m animals. They were led to 
this conduswn because both antigens regularly are found m equal amounts in 
hltrates of infected tissue and because absorption with either specific antibody 
removes both serologically active substances Parker (2) observed that under 
certain conditions different results were obtained, e g , a solution containing 
both preapitable substances when treated with S-antibody lost its S-antigen 
but retained some L-antigcm Craigic and Wishart (3), at about this tune, 
made similar observations, they reaffirmed that L-antigen ordinarfly occurs 
m a state of combination with S-anbgen bnt reported that with prolonged 
storage £n the cold ^*11113 combination may dissociate mto separate L and S 
fractions pnor to ultimate inactivation of theL antigen '* The data of Parker 
and of Craigie and Wishart that suggested dissociation of L- and S-antigens 
have not been dupheated in our laboratory This failnre we beheve mdicates 
that oinditions for successful repetition of sudi experiments occur infrequently 
That they do occur occationally we have no doubt, for, as will be shown in a 
subsequent paper (4), a solution with L-actmty only can be prepared from 
pure LS-ontigen by enzymatic digestion 

In our experience, L-antigen has always been encountered m association with 
S*antjgen except under the special circumstances just mentioned This was 
true even thou^ at vanous times dunng the past five years we have thought of 
the L-reactmg substance as a protem, a carbohydrate, a fat, or a polypeptide 
and have attempted to isolate sudi an hypothetical material from dermal 
filtrates by appro p riate methods When it became evident that the methods 
employed were inadequate to procure preparations of L-antigen which were 
free of S-antigen for comparison with the relatively pure S-protem of Parker 

• Presented in New Haven before the Sodety of American Bacteriobgists, Decem- 
ber 29 1939 
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and Rivers (5), other means were sought for the study of the relationship of 
these two antigens of vaccmia 

The inhibition technique used m serological work assisted in establishing 
the existence of partially degraded forms of the A and B antigens of infectious 
myxomatosis of rabbits (6) These two protem-like antigens readilj lose 
their specific preapitabihty on gentle heatmg or even on storage Solutions 
of A-antigen, which are no longer capable of preapitatmg with A-antibodj , 
still combme with it as demonstrated by the i^ibition techmquc Solutions 
of degraded B-antigen behave similarly Inhibition by the non-preapitable A- 
and B-antigens is specific, t c , each antibody combmes only with the degraded 
form of its own antigen In view of the results obtamed with myxoma anti- 
gens, inhibition of the L- and S-antibodies of vaccmia was investigated with the 
hope of demonstratmg serologically degraded forms of the L- and S-antigens 
It was thought that experimentation with such degraded substances might 
provide data which would help m mterpretmg the mterrelationship of the two 
native antigens The results of these investigations are reported m this paper 

Materials and Methods 

Source of Soluble Antigens — Dermal filtrate containing the soluble antigens ol 
vacama was obtamed from dermal pulp of rabbits which had been cutaneously in- 
fected 3 days previously with the C L stiam of vaccine virus (1) The pulp from 
each rabbit was suspended in 30 to 40 cc of a 1 SO dilution of disodium phosphate 
atnc acid bufler solution, pH 7 2 The suspension was freed of gross particles and 
of essenPally all of the elementary bodies of vaccmia by differential ccntnfugation, 
and, finallj , filtered through a Seitz piad to remove all residual virus These filtrates 
were stored at 3°C until used 

Antisera — L-antiserum was prepared bv absorbmg S-antibod> from hjpcnmmune 
antivaccmal serum Vaceme virus immune rabbits which had been given a course 
of intravenous mjections of active elementarj bodies of vacama provnded the hj - 
penmmune serum, absorption of S-antibody was earned out with proper amounts of 
heated dermal filtrate S-antisera were obtained from non-immune rabbits after 
several courses of mjecUons of heat-mactivatcd elementary bodies 

Precipitin Tests — 0 25 cc volumes of serial diluUons of solution of antigen were 
prepared m ph 3 siological saline solution buffered at pH 7 2 and mixed wnth 0 25 cc 
amounts of an appropnate dilution of antiserum Readings were made after incuba- 
Pon overnight m closed tubes held at 50'’C 

experhientai. 

General Properties of L-Antigen —Only a few procedures have been found 
practicable for the concentration of L-antigen from filtrates of dermal pulp 
obtamed from rabbits infected with the varus of vaccima These methods 
are equally efiScaaous for the concentration of S-antigen Craigie and Wishart 
(1) have observed that both serologically active substances can be obtained 
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from vmis-free dermal filtrate by bnngmg tbe pH of the solation to 4^ and then 
redissolving the insoluble material thus obtamed at pH 6 6 In our hands this 
method has pro\ed the simplest and the most satisfactory for obtaining solu 
tions containing large amounts of L- and S-antigens from which have been 
eliminated appreciable amounts of serologically mert material Moderate 
variations m the pH ranges employed for preapitating and for redissolvmg 
the antigens still result in final solutions with equal amounts of the two serologi 
cally active substances, m some instances, however, the recovery of antigemc 
material is less complete than It is with Craigie and Wishart’s tedmique 
Bringing the pH to below 4 0 results in a loss of preopitabOity of L with its 
antibody, but S-activity is not appreaably reduced even at pH 1 8 On the 
alkaline side of neutrality both serological substances retam their activity for 
many days m the cold at pH 9 0 Furthermore, the L-antigen la unaffected 
by short exposure to borate buffer of pH 110, while the S-anbgen Is inactivated 
m n/ 20 NaOH only after minutes or hours depending on whether the procedure 
is earned out at or at 3®C Treatment with n/ 20 NaOH rapidly destroys 

the preapitability of L-antigen 

Under the proper conditions, preopitation of concentrated unheated dermal 
filtrate with ammomum sulfate yields equal quantities of Lr and S-antigen m 
the globulm fraction. L-activity is generally lost during fractional preapita 
tioQ with ammomum sulfate unless filtrates which have been concentrated 10 
to 20 times by evaporation are used as startmg material, preliminary concen 
trations of dermal filtrate is unnecessary, however, If the objective is pnnfica 
tlon of S-antJgen Evaporation of dermal filtrate through cellophane sausage 
casings suspended m an oir stream at room temperature provides a ready 
means of concentrating the soluble antigens, but fails to eliminate any sig 
nificant amount of serologically inert substances On the other hand, drying 
large volumes of dermal filtrate from the froren state renders some of the 
inert material insoluble on subsequent resuspcnsion. Although laborious, this 
procedure can be employed for concentration of the S-entigen, but it is often 
unsatisfactory for work with L-antigcn since temporary thawing during the 
process may be followed by partial or complete loss of L-preapitabflity 

The bofling of solutions containing antigens of vaccmia at pH values near 
neutrahty with subsequent removal of coagulated protein has been found by 
several workers (5, 7, 8) to be of assistance m the partial purification of solu 
tions of the heat-stable antigen, but obviously this procedure has no place In 
expenments designed for the purification of the heat labile matenaL Similarly, 
treatment of dermal filtrate with large volumes of cold alcohol results in com- 
plete disappearance of the substance capable of preapitating with L-antibody 
even thou^ the stable antigen can be recovered from the alcohol insoluble 
fraction as has been demonstrated by others (5, 8) 

The L-antigen of vaccmia may be regarded, therefore, as having certam 
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properties m common with S-antigen Both are insoluble m the neighborhood 
of pH 4 5 and soluble m the region of pH 6 5, and both are found m the globulin 
fraction when separated from concentrated dermal filtrate by partial satura- 
tion with ammomum sulfate The heat-labile antigen, howe\er, rcadfly loses 
Its specific preapitabflity under conditions which do not alter the heat-stable 
antigen, vis , extremes of pH, treatment with alcohol, and, m ccrtam mstances, 
drjung from the frozen state or precipitation with ammonium sulfate The 
common solubfiities of the two antigens give no clue to then nature, smcethe 
data rmght equally well suggest that the antigens are parts of a single protein 
molecule, or that they are similar protem substances, or that L is a non-protem 
material assoaated with the S-protem molecule 

Inhibition of L-Antihody 

Solutions contaimng both L- and S-precipitable substances m high concen- 
tration showed no change m physical appearance when heated at S6®C for 1 
hour This led us to think that the L-antigen, which was no longer demon- 
strable by the usual preapitation techmque, might still be present m these 
heated solutions m an altered form which was unable to preapitate ivith L- 
antibody It seemed possible, furthermore, that such an altered antigen might 
inhibit L-antibody, and, mdeed, this was found to be the case as shown by 
the foUowmg experiment 

Experiment 1 — 1500 cc of dermal filtrate rvere placed in ceUopbane tubes and 
concentrated to 100 cc b> evaporation The material was dialyzed agamst running 
water overnight, and while still in the onginal cellophane tube was again concentrated 
by evaporation to 50 cc This solution reacted in a dilution of 1 1024 with optimal 
amounts of both L- and S-antibodies Globuhn matenal vas obtamed from the 
concentrate bv fractional preapitation with ammonium sulfate 50 cc of a solution 
of the repreapitated globuhn matenal were treated with 5 cc of standard atnc acid- 
disodium phosphate buffer, pH 4 5 Jlost of the matenal insoluble under these 
condiUons redissoh^ed when taken up in 20 cc. of diluted buffer solution, pH 6 6 This 
solution, contammg globulin matenal insoluble at pH 4 S and soluble at pH 6 6, had 
as much L- and S-acti\nt> as did the ongmal concentrated dermal filtrate After 
hcaUng at 56“C for 1 hour the solution no longer preapitatcd with L-antiserum 
but Its titer with S-antiserum was not reduced One ca of the heated solution was 
added to an equal amount of undiluted L-antiserum, the mixture was diluted inth 
4 cc of sahne solution, incubated at Sd^C for I hour, and stored at 3 C for 24 hours 
No preapitate appeared This treated mixture, which should have contained suf- 
fiaent L-antibodj to react stronglj with unheated L-antigen, failed to form a pre- 
apitatc when added to scnal dilutions of unheated dermal filtrate and incubated under 
the usual conditions The inhibiUon e-xpenment was repeated with idenUcal results 
when portions of the same solution of anUgen v hich had been heated at dO’C , S0°C , 
and 90°C for 1 hour were used 
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In the experiment just described L-antlgen m the concentrated globulin 
material from dermal filtrate was affected in the usual manner by heating, , 
It no longer preapitated with L-antJbody A substance was present, how 
ever, m the heated solutions which was capable of inhibiting in some way the 
flocculation of I>-antibody with unheated Irantigcn Smee the partially 
purified material employed in the experiment was hi^y concentrated, it 
seemed desirable to repeat the inhibition procedure with a more dilute solution 
For this purpose crude dermal filtrate prepared accordmg to routine was used 

Experiment 2 — Dermal filtrate, pool 6, which precipitated in a dilutioii of 1 128 
in the presence of optimal amounts of either L~ or S-ftntIbody was heated b a closed 
flask b a water bath at 80®C for 1 hour The heated filtrate wbch no longer pro- 


TABLE I 

Inhibition of L-AnUbody by UtaUd Dennal FUifolt 
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* DSotion of antheniQi was 18b each test. 


apitatcd with L-ecrum was added In varying amounts to OJ cc. portions of un 
diluted L-antiserum- Sufficient saline solution was added to each mixture to bring 
the final dilution of scrum to 1 8 and the mixtures were incubated at 56 C. for 1 hour 
Samples of the treated serum together with a control serum dfinted only with saline, 
wtare tested for their capacity to precipitate with scnal dilutions of imhcated dermal 
filtrate, pool 6 The results summanxed ta Table I, show that the addition of an 
equal volume of heated filtrate to I^ntiscrum appreciably decreased the power of 
the serum to react with unheated filtrate. Furthermore, no preapitation occurred 
when the serum mixtures contambg 3 and 5 volumes, respectively, of heat inactivated 
filtrate were tested against solutions known to possess active L*antigen 

The data obtained m Experiments 1 and 2 indicate that crude or partially 
purified solutions containing either small or large amounts of L- and S-sub- 
stanccs lose their capaaty to preapitatc with L-antibody after heating, but 
are, nevertheless, stffl able to inhibit L-antibody 

Inhibition of anti soluble substance antibodies of vacemb has been ob- 
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served by others Craigie and Wishart (1) found that certain heated crude 
dermal filtrates emploj ed for absorption studies vath antivaccmal serum con- 
tained mhibitmg substances which were earned along with the absorbed serum 
and subsequently mterfered with the demonstration of residual antibodies 
These authors regarded the inhibitory substances as non-specific in character 
and found that fractionation of the filtrates resulted in their ehmination 
Salaman (9) likewise obseia'ed reductions in preapitin and agglutinin titers 
foUowmg absorption of antiserum with large amounts of dermal filtrate, he 
regarded these effects as examples of the famihar inhibition vhich occurs in 
the presence of an excess of antigen and thought that they should not be called 
non-specific Smee the L-antigen had been rendered non-precipitable by 
heatmg, the inhibition of L-antibody observed m Experiments 1 and 2 was 
certainly not dependent ujxm the presence of an excess of precipitable L-anti- 
gen Moreover, that the inhibition was serologically specific was demonstrated 
m the foUowmg maimer 

Expenmeut 3 — Dermal filtrate was prepared from rabbits cutancouslj infected 
with the virus of mjwomatosis bj a technique essentially identical with that emplojcd 
for rabbits mfected with vaccmia The filtrate which was nch in the A and B soluble 
antigens of rniwoma was heated at 56°C for 1 hour and then mixed with antivaccmal 
serum The mixtures were tested for L-preapitms of vaccmia in the usual manner 
As indicated by the results summanzed m Table I, no inhibition of L-anUbod> oc- 
curred even when 5 volumes of the rajocomatous filtrate w ere added to the L-anUserum 
It has already been recorded that vacanc dermal filtrate fails to inhibit the anti 
soluble substance antibodies of m>'xomatosis (6) 

Heated dermal filtrate appeared to be capable of specifically mhibitmg 
L-antibody of vaccmia It will be recalled that L-antisera are regularly pre- 
pared by absorbmg hypenmmune antivaccmal serum wuth heated dermal 
filtrate, this absorption procedure when earned out under the proper conditions 
removes S-antibody and leaves L-antibody This apparent contradiction 
was shown to depend on a quantitative factor, a much smaller amount of 
heated filtrate w as generally needed to absorb S-antibody from immune serum 
than was necessary to obtam demonstrable inhibition of L-antibody 

Experiment 4 — Unabsorbed hjiieninmunc scrum, number 6814, reacted in a 
dilution of 1 32 with an optimal amount of unheated filtrate, pool 6, and in a diluUon 
of 1 4 with heated filtrate Complete removal of S-antibod> without a detectable 
reducUon m the quanUtv of L-antibod> resulted when the h>Tx;nmmunc scrum was 
absorbed with an equal volume of a 1 8 dilution of dermal filtrate, pool 6, which 
had been heated at 80°C for 1 hour L-preapitms, however, were no longer demon- 
strable m this anUserum after it was treated with an equal volume of four times 
concentrated solubon of heated filtrate, pool 6 The filtrate had been concentrated 
bv evaporabon m a ceUophane bag Results of this experiment arc summanzed m 
Table n 
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Tlie material having the property of inhibiting L~antibodj m the expcri 
ments bo far presented always occurred in OBSodation with S-antigen It 
seemed desirable, therefore, to prepare purified S-antigen by the method of 
Parker and Rivers (5) and to test the power of this substance to block or in 
hibit L-antibody 

Experiment 5 —625 cc. of dermal filtrate, pool 7, having a titer of 1 128 with optimal 
dihitions of Li- and S-antisem were boiled and subsequently the globulin fraction was 
salted out with ammonium sulfate. The redissolvcd globuhn fraction was preapitated 
with alcohol, rediisolved In water, precipitated at pH 4 6 with atnc aad-disodium 
phosphate buffer solution, and, finally, redissolvcd in dilute atric add-disodiuro phos- 
phate buffer solution, pH 8 0 This solubon was boiled, the pH was then changed to 

TABLE n 


Preparaiien of L^trvm by Absorption of Inmnne Servat vitM Beoied Demal PUtrtsk and 
InkIbUion of L-Anllhody vitk titt Sams HoJerlaJ 
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* Absorbed serum was prepared by treating 1.5 cc. of scrum 6814 with 1.5 cc. of a 1 8 
dilution of heated dermal filtrate 6. 


X Inhibited serum was prepared by trenUng 6814 with an equal vohnne of 4 X omcsitrated 
solution of heated dermal filtrate 6. 

6.0 by the addition of sodium hydroxide, the solution was again boiled and then 
dialyicd free of salts. 0.25 cc. of a 1 1024 dilation of this final solution gave a pre 
apitate with optimal amounts of S-antibody A portion of the 41 cc. of final solution 
was dried from the frozen state and the residue was weighed, the solution before 
drying was shown to have contained 5 1 mg of dry material per cc. Hence, on the 
baas of prcdpitin titer and dry weight, it was estimated that 1 part in 800^00 was 
suffiaent to give a specific reaction with S-antiserum The relative punty of the 
final preparation appeared to be of the same order as that obtained by Parker and 
Rivets. Portions of the final preparabon of S-anUgen as well as samples of different 
fractions obtained during the process of punficabon were tested in the usual way for 
their Inhibitory effect on 0.5 cc. volumes of Ir-ontiserum, number 6814 The results 
are summarized m Table IH 

The results summarized in Table HI show that the substance m crude vaccine 
dfT mgi filtrate capable of inhibiting L-antibody was also present in materials 






15S 


I^-ANTIGEV OF VACCCaA 


Obtained at intermediate stages and in the final stage of the punfication of 
S-antigen These data mdicate that L-inhibitor, like the preapitable form of 
L-antigen, is closely assoaated with S-antigen 

Inhbitton of S-Antibody 

Earher observations (10) indicated that S-antigen nhich has been heated 
with dilute alkali is not precipitated by its antibody The capacity of such a 
degraded antigen to combme with S-antibody was investigated by means of 
the inhibition techmque The followmg protocol illustrates the results ob- 
tamed m a typical experiment 

Expenmenl 6 — 40 mg of the final dried preparation of S-antigcn from Expenment 
5 were dissolved m 8 cc. of n/ 20 NaOH The soluUon remained clear after heating 

TABLE m 


Inhibition of L-Antibody by a Preparation of S~Anttgen 


Antigen 

Fraction prepared from heated 
dermal filtrate 

1 

I/-antiseTum 
treated with 
fraction 

1 

Dilution of xintreated dermal filtrate 

1 8 

1 16 

1 32 

1 M 

i m 



None i 

Bfl 

iHii 

+-h+-f 

-h+H- 

+ 


Globulin fraction 

1 volume 

nn 

■Bll 

— 

— 



Alcohol insoluble frac- 

1 “ 






Dermal fil- 

bon of globulm 


■1 





trate 

Fmal solution of S-an- 

1 •' 

Esl 


-f 

— 

— 


tigen 


H 

Bi 





(C <t (( 

2 volumes 

B 

Bi 

— 

— 

— 


Dflution of L-antiscrum was 1 6 in all tests. Inhibited sera were obtained by adding 1 or 
2 xolumes of test matcnal to 0 5 cc. amounts of L-antiserum S-antigcn titer of each test 
material was 1 1024 Final solution of S con tamed 5 mg per cc 


at S6°C for 90 mmutes A faint opalescence which appeared when the treated solu- 
tion was brought to pH 7 2 with n /I HCl was ehminated by ultraccntnfugation at 
30,000 RJ M. , the small amount of sediment thus obtained was discarded Scnal 
dilutions of the clear supernatant fluid which contained practicallj all of the degraded 
S-antigen did not form preapitatcs when incubated with optimal amounts of S- 
antibodi \ar>mg quantities of the undiluted solution of treated antigen were 
muted with 0 4 cc. tolumes of S-antiserum, number 274, and with 0 3 cc. volumes of 
L-antiserum, number 6814, suffiaent sabne solution was added to each mixture to 
bring the final concentrations of antisera to their optimal dilutions The mixtures, 
all of which remained clear af ter incubation at 56°C for 1 hour, w ere tested for demon 
strablc prcapiUns agamst L- and S-antigens b} the usual methods The results are 
summarized m Table W 

The data presented m Table W mdicate that S-antigen of vaccinia which has 
been degraded by heat and alkah to a stage where it no longer precipitates with 
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ita aiitibod> is still able to combine with this antibody For example, 0^ mg 
of treated antigen completely inhibited the antibody in 0 4 cc, of unddut^ 
S-antJscrum It is also evident that this preparation of degraded antigen 
had only a slight capaaty to inhibit L-antibody That the property of the 
degraded S-antigcn to mhibit L-antibody was Indeed less than that of the 
purified preapitable S^antigen from which it was derived may be seen by 
comparmg the data given m the protocols of Experiments 5 and 6, for instance, 
2 to 3 times as much of the alkali treated material was needed to produce 
the slight inhibitory effect on L-antibody observed fn Experiment 5 where 
imdegraded S-ontigen was used 


TABLE IV 

of S-Ant^ody 
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0 4 cc. volaine» of S-ftnUsenim and 03 cc- volume# of L-ontuemm were treated with the 
deii*nated amount of S-antigen which had been heated at 56 C for 90 minute* in the presence 
of K/20 NaOa 


Inhibition of S-antibody can also be demonstrated by addmg the antibody 
directly to mixtures of native and degraded S-antigen In this type of 
penment, however, the latter material must be present m large amounts m 
comparison to the former This is fllustrated by the data presented m Tablo V 
which summarizes the results obtained when alkali and heat treated S>antigcn 
from Experiment 6 was added m mcreasmg amounts to 0 4 cc, volumes of 
unheated dermal filtrate, after which serial dilutions of the mixtures were pre- 
pared and meubated with optimal amounts of L- or S-antibody Results 
of the titrations made with the mixture containing 0 1 mg of degraded S- 
antigen were comparable to the controls. The presence of 1 0 mg of the non- 
preapitable or de^paded antigen prevented flocculation of the native S-ontigen 
only m the lowest dilutions of the titrations with S-antibody, while 5 0 rug 
completely blocked preapitation of native S-antigen with its antibody through 
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out the range of dflutions In none of the mixtures was the reaction with L- 
antibod}' appreaably altered 

On several occasions S-inhibitor has been encountered in preparations of 
vaccme dermal filtrate that were not subjected to alkaline treatment In 
these expenments the filtrates were concentrated 10 to 20 times before boiling 
The techmque for punfjmg S-antigen was ongmallj applied to crude dermal 
filtrates (5) In order to avoid working with large \ olumes, we first concen- 
trated the crude filtrates bj evaporation m cellophane tubes The results ob- 
tamed when the purification procedure was apphed to these concentrates were 
disappomtmg m that jneld of S-antigen was negligible as determined by pre- 

TABLE V 


Inhbitton of S-Anltbody — Continued 
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Mixtures of dermal filtrate and degraded S-anUgen ivere incubated at 37°C for hour 
and then dfluted serially Constant amounts of L-anUscnim 6814 diluted I 6 and of S-anti 
serum 274 diluted 1 4 were added and the btraUon results were read after mcubaUon o\ er 
mght at 50°C 

apitm tests The failure to demonstrate the expected amounts of S-antigen 
m the solutions was found to be dependent upon the presence of an inhibitor 
which could be removed, leaving behmd preapitable S-antigen The results 
of this t}T)e of work are illustrated b) the following experiment 

Experiment 7 —960 cc. of dermal filtrate, pool 8, were dialvzcd in cellophane tubes 
against running water and then concentrated to 90 cc. in the same tubes b> cv-apora- 
tion m a stream of air The clear soluUon became opalescent after gentle boiling for 
5 minutes, and the small amount of preapitate that formed uas removed b> centnf- 
ugation The globuhn fraction obtamed b> prcapitation with ammonium sulfate 
was rcdissohed m water, diaK-zcd free of sulfate ions, and brought bad to a volume 
of 90 cc. The original crude dermal filtrate in a dilution of 1 64 prcapitated nth 
L- and S-anUsera, but the concentrated soIuUon of heated globuhn gave onl> a shght 
precipitate m dilutions of 1 8 to 1 32 with S-anUserum A portion of the solution 
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of ^bulm T\Tis fractiotiatcd by the method of Craigic and A\^ishart (1) for the con 
centratjon of LS-entigen Onl> about half of the volununouj rrhite preapitate ob- 
tained at pH 4 5 rcdttsolvcd when it was suspended m buffer solution, pH 6 6 The 
solution coniamlng the material which dissolved at pH 6 6 had a prcapitin titer of 
1 128 when tested with S-antiscrum The material which failed to dissolve at pH 6 6 
was soluble m dilute buffer solution pH 9 0, and the solution remained dear when 
brought back to pH 7 0 this solution did not predpitate in dilutions of 1 4 

to 1 512 in the presence of an optimal amount of S-antibody, it was found to ha\'C a 
marked Inhibiting effect on S-antibody S-antiscrum treated with 3 volumes of the 
solution would not prcapitate with native S-antigen On the other hand, Iwintiscrum 
was not appreciabl} inhibited by 5 volumes of the soluUom 

The results obtained m Experiment 7 throw some light on the work of Craigie 
and Wishart (1) For example, it was shown that under certain conditions the 
heating of domal filtrate, even m the pH range near neutral reactions, may 
result in the formation of S-mhibitor Furthermore, it was found that S- 
inhibitor can be separated from prcapitable S-antigen by means of the different 
solubfiities of the two substances at several pH values 

DISCUSSION 

The results of the foregoing expenments may be bnefly summarized as 
follows Dermal filtrate prepared from the skin of rabbits infected with the 
vims of vaemma contains the heat labile (L) and heat-stable (S) antigens of 
vaccima which can be demonstrated by the preapitation technique. Gentle 
heatmg destroys the preapitabdity of L-anligen but leaves m solution a sub- 
stance capable of inhibitmg L-antibody This L-mbibitor, like preapitable 
L-antigen, is closely associated with S-antigen and cannot readily be separated 
from it. Preparations of S-ontigen can also be degraded by any of several 
methods to a stage where preapitation with S-entibody docs not occur, how 
ever, inhibition of S-antibody with this material is easily demonstrated Dc 
graded S-ontigen m contrast to preapitable S-antigen, has little power to 
inhibit L-antibody The solubUities of S-mhibitor are different from those 
of S-antigen and L-inhibitor 

The immediate objective of the present experiments, nr , the demonstration 
of degraded forms of L- and S-antigens of vaccinia which ore capable of in 
hibitmg their specific antibodies, was accomplished The studies were less 
successful, however, in regard to thdr ultimate objective which was the eludda 
tion of the relationship between L- and S-antigens Nevertheless, the ob- 
servations just reported may serve as the basis for several hypotheses on the 
relationship of these two serologically active substances 

One of the simplest of the hypotheses is as follows The native antigen pres- 
ent in infected tissue a L, or the antecedent substance from which it is denved, 
L IS readily degraded durmg manipulation and storage to a sb^tly modified 
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material, S, ■which is still capable of ehatmg a speafic antibod) in animals and 
which combmes with L-antibody as demonstrated by inhibition tests S- 
antigen can be further degraded to a stage nhere it inhibits but fails to prc- 
Qpitate with its antibody , and, in this form it loses most of its ability to com 
bme with L-antibody A graphic representation of the a'anous stages of 
degradation accordmg to this scheme is presented m Tcxt-fig 1 There arc 
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Text-Tig 1 

several senous objections to this hypothesis No reasonable crplanation is at 
hand for the regular occurrence of equal amounts of L- and S-antigen in prepa- 
rations from mfected tissue Moreover, it should be possible, if the hypothesis 
were correct, to demonstrate a sunultancous mcrcase in S along n ith a decrease 
m L durmg the vanous procedures which render L-antigen non-precipitable 
A second hj-po thesis naight begin w ith the assumption that L- and S-antigens 
are separate protem molecules which are distmguishable hy serological means 
but not by ordinal^ phj-sical and chenucal procedures According to this 
idea each of the antigens could be degraded independentlj , but, since L is more 
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easily affected t h a n S, the labile antigen would generally be denatured one 
step further than the stable one (Text 6g 1) The mmilnr physicochemical 
nature of the native substances might also be considered to be characteristic 
of the mildly degraded antigens, thus, a separation of I/-inhibitor and S-antigen 
would be difficult This hypothesis, like the first, affords no explanation for 
the uniform ratio of L- and S-antigens m crude filtrates Furthermore, it is 
hard to reconcile it with the almost mvanable results obtained m absorption 
experiments, namely, the removal of both antigens on the addition of either 
antibody 

A third hypothesis deals w ith an LS-complei similar to that postulated by 
Craigie and Wishart (1) No assumptions need be made about the chemical 
nature of the L-part of this complex or about the type of union between it and 
the protem like S-part. As m the second hypothesis, the L-reactmg substance 
would be considered to be degraded more readily than the S under ordinary 
conditions, and complexes rmght be formed of L'S and L'S' on treatment with 
heat or heat and alkali, respectiiely CTeit fig 1) In such a scheme the 
first degradation product, e g , L' would inhibit L-antibody but not be pre- 
cipitated by it, while L' would have lost most of its capaaty to mhibit L-anti 
body Similarly, stages in the degradation of the S-portion of the complex 
could be postulated Additional complexes with vanous combmations of 
native and degraded stages of the L- and S-parts might be considered, several 
of these are represented m Text fig 1, (a), (J), (c) The objections raised 
to the first two hypotheses ore not valid for the last one The unusual results 
of occasional absorption experiments reported by Parker (2) and Craigie and 
Wishart (3) can be eiplamed by this hypothesis if one assumes that under cer- 
tnin rare conditions a portion of the LS-complei in dermal filtrate is degraded 
to a form represented as LS' (Text fig 1, (c)) A mixture of this complex and 
native LS when treated with S-anbbody could result m the preapitation of LS, 
leavmg m solution LS' combmed with S-antihody Such a soluble antigen- 
antibody combination might then be precipitated on the addition of L-antibody 

At the time these experiments were completed we were mclined to accept 
the third hypothesis as the one which more nearly eiplamed the available date 
on the relationship of the L- and S-antigens of vaccinia. Work reported m 
accompanymg and subsequent papers (4, 11) has done much to strengthen 
our bebef that this hypothesis is substantially correct 

CONCLDSION 

Experimental data are presented which may be mterpreted as follows. 
The heat labile (L) and heat-stnble (S) anUgens of vaccmia occur m nature as 
a complex consistmg of a smgle substance with two serologically active parts, 
each of which may be degraded independently of the other 

We wish to express our appredstion to Dr Kenneth Goodner for his advice 
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THE LS-ANTIGEN OF VACCINIA 


n Isolation of a Single Substance Containino Both 
L- AND S-AcnviTY 

By THEODORE SHEDLOVSKY awd JOSEPH E. SHADED, MJ) 

{From the Laberaiones and the Hospital of The Rockefeller InstUutefor Medical Research) 

(Received for pubbcatlon October 22 1941) 

The intimate association of the heat labfle (L) and heat-stable (S) soluble 
antigens of vacama was showm by the work of Craigie and Wishart (1) More- 
ov'er, observations on the degraded forms of these antigens, reported in the 
previous paper (2), further mdicated the close relationship of these two anti 
gens The fact that the L-antigen is readil> denatured by a number of pro- 
cedures which are ordmorilj used for purification of immunologically active 
substances has delayed the acquisition of knowledge concemmg its nature. 
On the other hand, the heat stable antigen has been studied m considerable 
detail (3, 4) and has been shown to be a prolem substance Although the 
results of several experiments (4, 5) have been mterpreted as mdicating that 
L-antigen may be obtained free of the S-antigen, these experiments are also 
subject to a different mterpretation (2) The work reported here was under 
taken In the hope of obtaining pure L-antigen in suffiaent amounts to study 
its physical and immunochemical properties As will be shown, the L-antigen 
is not found free from the S-reacting substance imdcr ordinary conditions 
Indeed, the results indicate that the L- and S-immunological activities reside 
m a single native protem molecule A method for isolatmg pure LS-antigcn of 
vaccinia from virus-free filtrates of infected rabbit skm will be given m this 
communication together with observations on the physical and immunological 
properties of the native substance and of some of its degraded forms 

Maiertals and Melhods 

Vaccine Dermal PSlraie — Dennal filtrate was available m large quantities as a 
by-product obtained from the preparation of washed elementary bodies of vaccinia 
which were used for other studies The technique of Craigie (6) was employed with 
out significant modification Dermal pulp from each cutaneously infected rabbit was 
suspended m 30 cc of a I 50 dilution of standard phosphate buffer solution pH 7 2 
and the solution which remained after removal of tissue particles and elementary 
bodies by of differential centrifugation was filtered Immediatelj through a 

Sdtx ped. Bactcnologically sterile virus-free filtrates were stored at 3*C. until 800 
to 1200 cc. had been accumulated usually a penod of a month 
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Antmrum — L-antiscrum used throughout this portion of the work ^-as prepared 
from pooled sera obtauied b\ bleeding \’acane \nrus immune rabbiLs which had been 
h\'p>eninmunizcd with washed acti\e elementare bodies of \acania, the scrum was 
absorbed free of S-antibod\ wath heated crude dermal filtrate S-antiseta were 
obtamed from rabbits which had been immunized with a non-infcctious solution of 
purified S-antigen (4) Precautions were taken to pre\ ent these non immune animak 
from becoming acadentalli infected with \accmia during the penod of immunization 
Our eepenence, hke that of Parker, indicated that solutions of S antigen prepared in 
this manner ehat a poor antibode response m rabbits and in order to obtain potent 
sera several courses of treatment were gieen For the final course of immunization, 
washed and graded collodion particles were added to the solution of S-antigcn and the 
mixture was injected intravenouslj 

Serological Methods — ^The serological techniques craploeed in this work ha\e been 
reviewed m a previous paper (2) 

Eleetrophoretic Technique — Electrophoretic experiments were earned out in the 
Tisehus apparatus with the schheren-scannmg optical sj-stem (7) the details of which 
have been discussed elsewhere The tempierature of the thermostat containing the 
cell was regulated at 1°C , but all the values of mobility gi% en m this paper ha\ e been 
corrected to 0°C 


EXPERBfHMAL 

OhscTxalions on Concentrated Whole Dermal Filtrate — ^The results obtamed 
m studies m which the electrophoretic technique was applied to concentrated 
dermal filtrate, both before and after heating, are illustrated m the following 
experunents 

Experiment 1 — One hter of dermal filtrate was concentrated to a volume of 100 cc 
bv means of evaporation through a cellophane sausage casmg placed in an air stream 
at room temperature for 24 hours The L- and S-titers of this concentrate 
were 1 1000 A portion of the matenal was dialyzed against 0 05 m hthium-vcronal 
buffer solution at pH 7 9 ‘ Upon electrophoresis this dialj-zed matenal was found 
to displav four boundanes, all of which corresponded to negaUvcly charged substances 
at this value of pH A reproduction of the electrophorcUc pattern obtained is shown 
m Fig 1 The mobihtics of the four components, which were designated I to IV, were 
6 7 X 10-^ 5 4 X 10-^, 4 4 X lO"*, and 3 4 X 10-® cm /sec per volt/cm , respcc- 
tnelj In Fig 1, as m subsequent figures, the first peak on the nght, e, docs not 
correspond to an> compionent, but is due to a gradient of buffer salts 

Experiment 2 — h portion of the same matenal was heated at 70°C for y> hour in a 
closed vessel (a procedure which inacUvatcs L without destro>-mg S) and an electro 


'This solution contamed dicthjlbarbitunc aad, its lithium salt, and lithium 
chlonde, each at 0 025 ii The chlonde was used to build up the ionic strength, smcc 

the diethvlbarbitunc aad concentration IS fixed bv its relativ elv lov solubihtv atfrC 
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pborehc detennimibon was made under condibous Identical with those described 
above. The electrophoretic pattern obtamed In this erocnmcnt is Ulusttated b 

Eg 2. 

It 13 immedbtdy obvious from Figs 1 and 2, that the results obtamed m the 
two eipenments were strikmgly different. As n result of hearing, one compo- 
nent (m) had completelj disappeared and another component (II) had been 
I 

1 



Figs 


bcreased m amount, on the other hand, components I and IV were unaffected 
by heating rmder these conditions. A quantitative estlmatiou of the rebrive 
amounts dl components n and HI b these two preparations was obtamed from 
the measurement of the areas b the electrophoretic patterns Tbs mdicated 
that the mcrease m component n wbch occurred on hearing was appimomately 
equal to the loss of component HI 

When the observations described above were first made we were not certab 
whether L- and S-activiriea were associated with one or with two substances 
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Therefore, we were inclined to behe\e from these data that componcnl 
corresponded to L-antigen and that component II corresponded to S-anti 
furthermore, that as a result of heating, L had been transformed to S L 
be said at once that this hypothesis was subsequently proied wrong Nc 
theless, we immediately attempted to isolate by electrophoretic separation 
four components shown m Fig 1, m order to identify the substances sero! 
cally’’ These results may' be bnefl^ summanzed as follows components I, 
fastest, and the slowest, were readily isolated and were found to be s 
logically mert Sharp electrophoretic separation of components H and HI 
not possible, due to the fact that their respectue mobilities were not s 
aently different for such resolution E\en when electrophoresis was car 
out m solutions wnth pH \alues from 6 0 to 8 6, such fractions which v 
obtamed imanably showed L- and S-aclivily in equal amounts Since 
above methods were madequate for the purpose, fractionation of the Ir- 
S-antigens from crude dermal filtrate was attempted by other means 

Fractionaiion of Dermal Filtrate by PrcapitatioK — ^It has been shown 
Craigie and Wishart (1) that the L- and S-antigens can be concentrated fi 
crude dermal filtrate by preapitatmg at pH 4 5 and redissohnng the prccipil 
at pH 6 J This procedure enabled these w orkers to eliminate a considen 
amount of serologically mert nitrogenous matenal, present in the crude filtn 
without appreaably reduemg the titer of the antigens m the final preparati 
Parker and Rners (3), m their expenments deabng with the punficatior 
S-antigen from heated dermal filtrate, had also observed that the hcat-sta 
active substance has similar solubflity characteristics Procedures based 
these observations were employed in the fractionation of concentrated den 
filtrate and the fractions thus obtained were studied electrophorctically a 
serologically The foUowmg experiment illustrates the methods employ 
and the results obtained 

Experiment J — 1 150 ca of \ accine dermal filtrate, collected o% er a penod of 5 w cc 
were concentrated by evaporation from cellophane bags to a volume of 110 cc 1 
slight amount of insoluble material present in the concentrate was rcmoicd bi c 
tnfugation and discarded The clear concentrate was again placed in a cellophr 
sack and dialyzed o\ emight against 4 liters of unbuffered ph\ siological saline soluti 
at 3°C The sack and its contents were then suspended in 450 cc of 0 05 M aceti 
buffer solution at pH 4 63, also at 3°C Prcapitation began at once at the surf- 
of the cellophane membrane The sack was agitated from time to time and by 1 
end of 3 hours no further increase m the precipitate could be noted The rnatcr 
was then temo\ed from the sack and the prcapitatc was separated by centnfugati 
in the cold The clear, straw-colored supernatant fluid, which had a pH of appro 
mately 4 6, was set aside for further stud\ , this was designated fraction A T 
m-stcr-gra\ sediment, which occupied a volume of about 2 cc in the centnfuge tul 
was washed in the cold with 45 cc. of the same acetate buffer soluUon The resd 



T SHEDLOVBKY AND J E SlIADEL 


169 


mcntcd, crashed material was then taken up In SO cc of 0 05 u cacodylate buffer solu 
tion at pH 6J1 and dinlyied overnight against 450 cc. of the same solution at 3®C. 
Appronmatcl) half of the material dissolved under these conditions The material 
insoluble at pH 6 31 and the substance dissolved at this pH were separated by cen 
tnfugation The clear, pale straw-colored supernatant solution was labeled fractioii 
B and stored The sediment was washed with the CBcod\latc buffer solution and then 
suspended m 50 cc. 0 05 u veronal buffer solution of pH 8 56 Following dialysis 
against a large volume of the same buffer solution an appreciable part, but not all 
of the matcnal dissolved The dear hquid was again separated from the preapitate 
by ccntnfugation and designated fraction C The predpitate which was Insoluble 
at pH 8 56 dissolved partially in 0 I it borate buffer solution pH II 0 and almost 
compktel> in 0 05 u NaOH, smee aU the material In dermal ffltratc was ongmaDy 
soluble in neutral solutions this portion probably consisted largely of denatured 
products. 

The three fractions which had been saved for further study were A the matcnal 
which remained soluble at pH 4 63 B the matcnal which was insoluble at pH 4 63 
but soluble at pH 6 and C, the material which was insoluble at pH 4 63 and 6 , 

but soluble at pH 8 56 Portions of fractions A and B were placed in cellophane sacks 
and dialyxed against 0 05 u lithium veronal buffer solution at pH 7 91 for 1 or 2 days 
in the cold, after which they were examined by electrophoresis simikr data were 
obtamed on fraction C m veronal buffer solution pH 8 56 The serological properties 
of all three fractions were mvcstigated 

Fraction A was found to contain only two components, these had the same 
electrophoretic mobOities as components I and IV m whole dermal filtrate 
Fraction B consisted of a amgle substance which was electncally homogeneous 
and which mo\ ed at a rate corresponding to that of component rH Fraction 
C contained a trace of component tH, but most of the material appeared to 
corre^nd to component n m whole filtrate The electrophoretic patterns 
obtamed with fractions A, B, and C are shown m Figs 3,4, and 5, respectively 

The results of serological studies on the original material and on fractions 

A, B, and C are summarized m Table I Briefly it may be stated that fraction 

B, consistmg of the electncally homogeneous component m, contained prac 
tically all of the L- and S-reacUng material present m the original concentrated 
dermal filtrate It gave a preapitate when diluted 1 1600 and incubated m 
the presence of an optimum amount of L- or of S-antibody The small amount 
of L- and S-precipitmogen activity found m the C fraction was completely lost 
after refractionation, furthermore all of the serologically active material was 
now recovered in the solution corresponding to the ongmal B fraction The 
A fraction was serologically mert* 

This portion of the work may be summarized as follows. Components I and 

* In several early experiments in which dialysis of crude filtrate against pH 4 6 
buffer solution was inadequate appreciable amounts of components H and HI were 
left in fraction A. 
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IV found in vaccine dermal filtrate ma\ be separated quantitatuch from 
components n and m bj precipitation of the latter at pH 4 6 Furthermore, 
component HI can be isolated from this precipitate in uncontaminatcd form 
by extracting this preapitate at pH 6 3 Such a solution of component III 
contains practically all of the L- and S-reacti\ e substance present in the onginal 
filtrate 

Observatwjts Indicating that a Single Substance in Its Native State Contains 
Both L- and S-Acimty — In our laboratoo', precipitation titrations with the 

TABLE I 


Serological Achvtly of Fractions Derived from Vaccine Dermal Filtrate 
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L-antisenini 1601 was used in a diluUon of 1 2 throughout S-antiscrura 493 was used 
m a dflution of 1 8 0 01 it hthium-veronal huger soluUon, pH 8 6, containing 0 9 per cent 

of NaCl sened as dfluent Test mixtures were incubated at SO’C oicmight 


See text for preparabon of test materials 

soluble antigens of vaccmia are ordmarOy earned out by incubatmg the antigen- 
antibody mixtures at 50°C for 18 hours m dosed tubes Such an mcubation 
penod IS sufficient to degrade the heat-Iabfle antigen, L, to a state where it no 
longer precipitates with its antibodj Consequentlj , at this stage in the 
experiments it was necessary to consider the possibility that the matenal desig- 
nated as component IH was a substance which possessed onl> L-activ it} in its 
native form According to such an hypothesis, this nativ e matenal could be 
degraded by heating to a substance with the electneal mobiht} of component 
n and wath S-acti\aty 

In order to test tbs hjTWthesis a solubon containing component HI was diluted 
senaUi m the usual manner, and porbons of each dflution were placed m tubes with 
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opUmfll amounts of L- or of S-antIbody Four seta of duplicate titrations were thus 
made and each set was incubated for 18 hours at a different temperature namely, 
at 3°, 20®, 37®, and 50®C. 

In each set of titrations the precipitin endpoint In the presence of S-antibody was 
identical with that obtained in the presence of L-antIbody Flocculation was slower 
at the lower temperatures, and with Incubation at 3 C. periods of 48 to 72 hours were 
necessary in order to develop maximum predpitatfon end-pomts thus obtamed 
equalled those observed after 18 hours at S0®C 

The presence of an S-reactive substance in solutions of component IH which 
were incubated at temperatures that do not diange the preapltabflity of the 
heat labile substance, clearl> shows that component m in its native state 
possesses both L- and S-reactmg portions, therefore, S cannot be a degradation 
product of L-antigen Observations reported in succeeding sections will clarify 
the relationship between component n and heated component HL 

Evidence based on absorption experiments m which solutions of component 
m were used with L- and with S-antisera indicates that the two antigenic 
parts of component HE cannot be separated by this method The following 
protocol illustrates the results obtained with one of several preparations of 
antigen absorbed with antisera 

Experiment 4 —40 cc. of an electrophoretically bomogeoeous solution of component 
in were obtained from 800 cc. of vaceme dermal filtrate by the method described m 
the protocol of Experiment 3 The solaticm had a titer of 1 2048 with L- and with 
S^tibody A 0 7 cc. volume of S-antisernm 493 was mixed with 0 1 cc. of the solu 
bon of andgen In one fostance, and m another with 0 05 cc. of andgen and 0 05 cc. of 
salmc, Eadi andgen antibodj mixture was diluted with an equal volume of sahne 
soluhon, and Incubated at 37®C for 4 hours and then at room temperature for a 
wimiUr penod of time The voluminous precipitate which formed was removed by 
centnfugadon Similar absorptions were carried out with 0 8 cc. volumes of L-anti 
serum 1601 end varying amounts (0 01 to 0 10 cc.) of solution of antigen, suflaaent 
saline soluUon being added to each mixture to brmg the final volume to 1 6 cc. These 
were tested for residual antigen and for residual antibodv The results of these tests 
which are sninmanicd m Table n show that absorption with cither L- or S-antibody 
removes both h- and S-antigeme substances completely or reduces both to the same 
degree. 

It 13 apparent from these observations that the electrically homogeneous* 
component HI, which was obtained from the dermal filtrate, contains both 
L- and S-ectrvity and that the two serologically distmct parts are inseparable m 
the native substance. Ultraccntnfugal and chemical studies on this material, 
which will be reported m another paper, showed it to be a homogeneous protem 

* Studies on the material at values of pH between 62 and 8 6 consistently revealed 
but one clcctropborctic component These measurements are discussed In detail in a 
subsequent paper 
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With a molecular weight near that of serum globulins On the basis of electro- 
phoresis and ultracentnfugal evidence, therefore, we conclude that component 
in IS a single molecular substance containing both L- and S-ectivity Hence- 
forth we shall designate it as LS-antigen This LS-antigen is probably the 
substance that Craigie and Wishart (1) prepared from the same type of source 
material and called “I>S fraction ” Our method of isolation of the antigen Is 
similar to theirs and the serological data obtamed following meubation at 
vanous temperatures and by absorption with L- and S-antibody agree with 
their findings The present eiperfments supplement the observations of these 
authors m that they were done with solutions of antigen which were proved to 
be pure by a number of different entena and hence these expenments carr> 
additional weight in theoretical discussions of the nature of LS-antigen 

Effect of Beat on LS Antigen — Destruction of the precipitability of the bbile 
soluble substance of vaccinia by heating has been v.cll established (1, S) The 
combmation between heated L- antigen and L-antibody without subsequent 
flocculation has been discussed in the preceding paper (2) Smee pure LS- 
antigen was now available it seemed desirable to study the effect of heat on its 
physical and serological characteristics 

Expenntent 5 — ^The obscrvatioas described in the following e^nment are typical 
of tb^ noted m the study of several different preparations of LS^tigen A portion 
of the solution of LS^bgen from Expenment 4 was bested for H hour in a water 
bath at TO^C m a closed tube. The solution which had been dear now showed a faint 
opadty After removing the trace of insoluble materml by high speed centrifugation 
(12,000 aj.M.) the soluticn was redialyicd against 0 05 li lithium veronal buffer 
solution at pH 7 91 and was exammed by electrophoresis 

The clcclropboretlc mobility of this lot of unheated LS-autigen under these ccradl 
twns was 4 0 X lO’* cm /sec. per volt/cm After heating this solutbn, a single 
electncally homogeneous component was still present, but it now moved at a rate of 
5 9 X 10-* cm /sec. per volt/an This prepaiabon of heated LS was mhomogeneous 
when examined In the analytical centrifuge as will be shown in another paper m this 
senet. The preapitin titer of the solution of unheated LS was 1 2048 with both L- 
and S-antibody the heated LS still titered 1 2048 with S-antIbody but failed to 
predpjtatc over the range of dilutions from 1 8 to 1 4096 in the presence of 
L-antibody 

This experiment throw* considerable light on the early observations which 
misled us mto believmg that components n and m represented S- and L-anti 
gens respectively Heating destroyed the preapitabilit> of the L-part of the 
LS-antigen and mcreased the mobility of the degraded molecule to a value 
almost identical with that of component H in crude dermal filtrate The 
augmentation of component II concurrent with the disappearance of compo- 
nent HI m heated crude filtrate thus appears to have been a comadence 
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The Occasional Occurrence of Parftally Degraded LS-Anhgen m Crude Dermal 
Filtrate —Although pure LS-anUgen had been prc\nousl> obtained m four 
successive expemnents by means of the fractionation technique w hich has been 
desenbed, it was found m one expenment that the fraction which usualh 
contained onlj' LS-antigen was contaminated with a component ha\mg the 
mobility of either component II or of heated LS-antigen 

Experiment 6 —850 cc of dermal filtrate were concentrated and fractionated in the 
manner described in Experiment 3 Enaction B was examined bj electrophoresis in 

0 05 II hthiiun-veronal buffer pH 7 89 and found to contam two components, one 
compMDnent corresponding to LS-antigcn was present in an appreciable amount, and 
the other, corresponding to either heated LS-antigen or component H, was estimated 
to be present in about the concentration of LS-anPgcn Although the titer of the 
solution was 1 1600 with L-antibodv and 1 3200 with S-antibody this was considered 
mconsequcntial at the tunc Accordingly, the solution was refractionated to remove 
the contammatmg matenal In short, the matenal was preapitated three times at 
pH 4 6 and each time the precipitate redissolved almost complctel> at pH 6 6 The 
final preparation gave essentially the same electrophoretic pattern and serological 
titers as did the ongmal fraction B 

Refractionation of the solution which might have been expected to eliminate 
the contammatmg matenal if it were component If failed to accomplish this 
Furthermore, smee the contammant had solubihty characteristics similar to 
those of LS-antigen it appeared likely that it was a degraded form of LS-anti- 
gen Therefore, at this pomt, it seemed desirable to know whether the tech- 
nique of fractionation, as regularly employed, was adequate to separate 
heat-degraded LS-antigen from native LS-antigen 

Experiment 6 {Continued) — 14 cc of the three tunes fractionated solution B from 
Experiment 6 were still available The solubon had an S-titcr of 1 1600 and L-titcr 
of 1 800 One half of the matenal was heated at 70°C for hour This portion 
then failed to react with L-anbbod> but sbll retamed its S bter of 1 1600 The two 
Eolubons were recombmed, the preapibn titers were then 1 400 for L-anbgen and 

1 1600 for S-anbgen, as might have been expected 

After dial>'sis, the mixture was agam studied clectrophorcUcallv , the pattern re 
vealed the presence of two components with mobihbes correspondmg to LS-anbgcn 
and heated LS-anbgen, which were present in concentrabons closclj corresponding to 
their respeebv e bters The matenal was then subjected to the solubilitv fractionation 
process and was agam exammed clectrophorcbcal]> Xo change in the resuibng 
pattern was noted The serological bters remamed the same 

Essenballv similar electrophorebc and ccrological observabons were made on a 
mixture contaming equal amounts of solubons of unheated and heated LS antigen 
from Expenment 3 In this case, however, the two electncal components were about 
equal quanbtabvely, and the solubon had bters of 1 800 to 1 1600 with L- and 
S-anbbod) respeebv elv 
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The results obtained m Expenment 6 indicate that heat-degraded LS-antigen 
has esse n tially the same solubflity characteristic as native LS-antigen and hence 
cannotbeseparatedfromitby theproceduresemplojrd Thisisof importance 
for it mdicates that, m general, dermal filtrate contains no partially degraded 
LS-substancc, , one possessing S-activity but not L-activity In other 
words, all of the Ln and S-activit> in fresh dermal filtrate is earned by com 
ponen t nr In the single expemnen t in which pure LS-antigen was not isola ted 
by the process of fractionation it appears that the contaminant was a degraded 
form of antigen similar to heated LS-ontigen. The reason for the appearance 
of this contaminant m a smgle pool of dermal filtrate is not at hand It may 
be pomted out, however, that, unlike the usual preparations, m fhk case, 
several of the lots of the angle supernatant fluid from the suspension of crude 
pulp had not been filtered immediately, but were allowed to stand at Ice box 
temperature for several days before bemg passed through a Seitz pad The 
centrifuged but unfiltered fluid is slightly c^lcscent and contains some virus, 
tissue debns and bacteria, and the presence of one or more of these might well 
have contributed to partial dcnaturation of LS-antigen by en^Tnatic digestion 
or otherwise 

Inhibition of L- and S Anltbodta by Degraded Forms of LS Antigen — The 
interpretation of the eipenments described m the previous paper (those dealing 
With inhibition of anti-soluble-substanoe antibodies of vacama by various 
preparations of materials from vaccine dermal filtrate) was difficult, due to the 
lack of cntical evidence showing that the degradation products of a smgle sub- 
stance were capable of mhibitmg the two antibodies Accordingly, solutions 
of pure LS-antigen were treated with heat alone, and also with heat and dilute 
altrflii , and the specific inhibitory properties of the resulting preparations were 
studied (Experiments 7 and 8) 

Experiment 7 — A portion of solution obtained from Expenment 3 was heated at 
70®C for hour The resulting solution sdU predpitated m a dilution of 1 1600 
With optimal amounts of S-antibod> but faded to flocculate when dilutions of 1 25 
to 1 3200of the solution were maed with optunal amounts of L-antibodv Inhibition 
tests were made m the following manner Varying amounts of two different L-anti 
sera were treated with varying amounts of heated LS-ontigen solution Sufficient 
salme solution was added to the test mixtures to make the final dilutions of scrum 
comparable. The mixtures were meubated at 50®C, for hour and then at 37^C for 
an additional H hour The solutions remained dear and centrifugation failed to 
sediment an appreciable amount of matenaL The test sera, together with controls, 
prepared by properly diluting antisera with saline and menbating for a sunflar period, 
were then set up in constant amounts with serial tvrofold dilutions of unheated crude 
dennal filtrate Hhistrativo data obtained are summarized in Table HL 

It is evident from the results summanred in Table III that a solution of 
LS-antigen, shown to be pure by electrophoresis and ultiacentnfugatlon, when 
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degraded by heat to the stage where it fails to gi\e a preapitm reaction with 
Ij-antibody, is still capable of conabitung with L-antibodj as demonstrated 
the inhibition technique An additional point of interest ina> be mentioned 
regarding the serological behavior of LS-antigen degraded by heat Matures 
of senal dilutions of such antigen and optimal amounts of L-antibodv, which 
give no precipitate after mcubation, were subsequent]> treated with optimal 
amounts of S-antibody and meubated in the usual manner The preapitm 
titers in these instances were approximately the same as those obtamed in 
control titrations m which no L-antibody was employed Apparcntl}, the 
presence of L-antibody, which was presumably combmed with the degraded 

TABLE in 


Inhthlton of L- and S-Antthody by Degraded Forms of LS-Anltgen 
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L-antiserum 1601 and S-antiserum 493 -Rere used m the expenments summanxed m this 


table. 

See legend of Table II and text for details of eiperuncnt. 

L-portion of the antigen, did not interfere with the union of the S-portion with 
Its antibody and subsequent flocculation of the entire aggregate 

Expenmeni S —A portion of the solution of heated LS antigen used in Expenment 
7 was freed of buffer b> dialj-sis and treated wnth a sufiiaent amount of sodium 
h>droxide to bring the final concentraUon to 0 1 ii The matcnal was heated in a 
water bath at 50°C in a closed vessel for 90 minutes with frequent gentle agitation 
After neutralization to pH 7 the soluuon was titered with S-antibod> The treatmen t 
failed to effect a complete loss of specific pTcapitabiIit> of the solution, for the S-titer, 
although much dimmishcd, was siiU 1 320 Accordingl> , the procedure was repeated 
except that 005 m concentration of alkah was used Although the firs t trca tmen t did 
not result m anj change m the appearance of the soIuUon, this second treatment iras 
accompanied b> the production of a small amount of msoluble mafenal which, wo 
dcntall\, was arranged m small, elongated rihbon-hke fibers which were white m 
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reflected light and colodess m transmitted Lght ITie Insolable matenal vns removed 
and the solution tested in dflutions of 1 5 to 1 640 at pH 7 with optimal amounts of 
S-flnbbody No precipitation occurred. 

An Inhibition experiment of the type described in the previous section was now 
performed L- and S-entisera were treated with varjmg amounts of nUrflli beat 
degraded antigen and subsequently tested for preapltable antibody The results 
of the experiment are summarized In Table HI 

It is apparent from the data presented m Table HI that as little as 0 1 cc. 
of the solution of LS-antigcn which had been degraded by heat and nlhali 
(approximately 0 IS mg of dned material) was sufficient to inhibit completely 
the S*antibody in the mixture Furthermore, even ^ of this amount of anti 
gen was suffiaent to inhibit the antiserum slightly On the other hand, I 0 
cc. (1.5 mg ) was incapable of inhibiting the amount of L-ontibody employed. 
Thus, degradation of LS~antigen by means of heat and alkali completely 
destroys the serological activity of the L-portion of the molecule and changes the 
S-portion of the molecule to a form which no longer preapitates with S-antibody 
but IS capable of inhibitmg it. It will be noted that the inhibitory action of the 
degraded S-portion of the molecule on S-antlbody is of a greater order of 
magmtude than that of the degraded L-portion for its corresponding antibody 

Electrophoretic studies on the solution of LS-anligen m Expenment 8 which 
had been degraded b> heat and alkali showed that it contamed one electrically 
homogeneous component with a mobility of 6 4 X ICH cm /sec per volt/cm 
at pH 7 9 and lomc strength 0 05 The mobil]t> of this substance is dose to 
that of component I in dermal filtrate The two are not identical, however, 
for the latter failed to inhibit S-antibody Furthermore, the two substances 
have different solubilities the S-inhibitor Is predpitated at pH 4.5 and fails 
to dissolve appreciably at pH 6.3, but it can be brought into solution between 
pH 8 and 9, and will then remain m solution when the pH is lowered 
to nearly 7 0 

DISCUSSION 

The eipcnmenta presented m this paper mdicate that all of the serological 
activity associated with the heat-stable and heat labile soluble antigens of 
vaccmia are present in a single protem molecule. This differs somewhat from 
the concept of Craigie and Wishart (5), who considered the two antigens to 
occur, ordinarily, m the form of a complex which could be dissociated Into two 
separate antigens imder certam circumstances 

It IS possible to state with assurance that vanous levels of degradation of LS- 
antigen can be accomplished, leaving either the L- or S part of the molecule m a 
stage where it can still combmc with the corresponding antibody without 
precipitation The observations on inhibition of L- and S-ontibody reported 
in the previous paper were not suffiaently conclusive to enable us to deade as 
to the nature and origm of the inhibiting substances On the basis of the 
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present studies it is dear that they arise directly from the liS-antigcn through 
partial degradation of the molecule 

Here it has been shown that the I/-portion of the LS-moIcculc mn be de- 
graded by heat without serological alteration of the S-portion In a subse- 
quent paper m this senes, it will be demonstrated that b> means of cnzjTnatic 
digestion the S-portion of the molecule can be degraded without altenng the 
serological actiiitj of the L-portion On the basis of this latter obscnation 
It IS possible to explam directlj (2) the results occasionally obtained b> other 
workers (4, 5), which had been mterpreted (5) to mdicate a dissociation of their 
LS-complex antigen mto two separate components 


SD1IMAR\ 

Virus-free filtrate, obtamed from suspensions of vaceme Mrus-mfected 
dermal pulp of rabbits and nch m the soluble substances of \accmia, was 
shown to contam four distmct components in electrophoresis expenments 
Electrophoretic and serological observations served as a guide m dev eloping a 
method for separatmg these components from one another This method 
depended upon changes m the solubihties of the components wnth alterations 
of pH 

Three of the four components appeared to be serologically mert when tested 
with anti-vacoma sera All of the L- and S-actmty was found to be asso- 
ciated with a smgle component which was electncally homogeneous at several 
values of pH and which was homogeneous m the ultracentnfuge 
This smgle substance, designated as LS-antigen, preapitates m equal titers 
with optimal amounts of L- and of S-antibody and is completely remov ed from 
solution by absorption with either antibody 
The LS-antigen of vaccmia appears to be a protem molecule wath two anti- 
gemcally distmct parts, L and S Heatmg modifies the L-portion m such a 
manner that the substance no longer preapitates with L-antibody, this de- 
graded antigen still combmes with L-antibody, as is shown by inhibition tests, 
and stiU preapitates with S-antibody Sunilarly, treatment with heat and 
dilute alkah modifies the S-portion of LS-anUgen so that it combines but does 
not preapitate with S-antibody, and at the same tune all recognizable immuno- 
logical properties of the L-portion are destroyed 
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THE EFFECT OF VARIOUS BIETS ON THE LIVER DAMAGE 
CAUSED BY EXCESS CYSTINE 
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Previoiis reporta (1-4) have described the rapid produebon of portal necrosis 
and hemorrhage m the li\ers of rats fed large amounts of /-cysbne In 
addition, more prolonged feeding of /-cystine causes the development of 
arrhosis of the bvtr (4) The present paper is a study of the effects of 
variation in diet on the development of these liver lesions 

Methods 

Six different diets oontauimg 10 gm of /-qrsbne per 100 gm of food (subsequently 
referred to as “10 per cent cystine’') and 3 different diets containing 5 per cent 
cystine” were fed to male albmo rats, 6 weeks of age The protein of the ‘synthebc’ 
diets was supplied bj casein and yeast, the fat by lard and cod Irver oU or by butter, 
and the carboh>'drate by sucrose. The relative amounts of these bgrcdicnU were 
varied in the different diets Table I shows the composbon of the diets the average 
dafly food consumption per rat and the number of rats fed each diet An additional 
senes of rats was fed 5 and 10 per cent cystmc in the McCollum stock diet 

These diets permitted a comparison of the effects of different protein, fat, carbo- 
hydrate, and yeast concentrations on the hepatic lesions produced by 10 per cent cys- 
tine, It was also possible to compare the effects of different kmds of fat namely 
butter ttrsiis lard and cod liver oil os well as the effects of synthetic diets versus 
the natural food McCollum stock diet In the 5 per cent c>*8tine group the McCol 
lum stock diet was compared with a low protein, hl^ lard, and cod liver oil diet 
The effect of the addition of 1 per cent cholmc to this bw proton, high fat diet was 
also examined 

The technique employed for dasslfymg the Uver lesions was amilar to that de- 
scribed In a previous paper (4) Hemorrhage and necrosia were graded 0-4, each unit 
mdicating mvolvement of H of the area of the section Portal fibrosis and bile duct 
proliferation were also graded 0-4 each unit mdicating involvement of H of the 
portal areas. In cases where there wob any question as to the presence or absence 
of portal fibrosis, the Mallory connective tissue stain was employed. Hypertrophy 
and vacuoluation of the liver cells were graded on the same basis as hemorrhage 
and necrosia Estimation of the number of mitotic figures was made by counting the 
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number seen m 3 to 10 low power fields (magnification X 100) and obtaming the a\ er- 
age per low power field 

The fat content of the hvers was determined fay the method prc\ louslj dcscnbed (4) 


TABLE I 


Per Cent Compostlton of Diets 


10 per cent c^nUne 


Diet 

lOHL 

lOHB 

lOLF 

lOHP 

10H\ 

10 S 

1 

Type 1 

Low 

protein 1 
High 
lard ' 

Low 
protein i 
High 1 
butter 

Low 

Low 

protein 

Low ! 
fit 
High 
protem 

Low 
f<C I 
High 1 
>«st ^ 

McCoI 

lum 

stock 


S per ctDt cyiUnc 


51IL SIILC 5S 


laid 4* 
CboliDc 


iIcCol 

lUTQ 

Slock 


/-Cystine 
Salt miiture 
Brewer’s jeast 
Casein 
Lard 

Cod h\er oil 

Butter 

Sugar 

Choline HCI 

No of rats 
Intake, gm /rat 



,5 

6 


The number of rats fed each diet and the average daily intake of food are indicated below 
the dietarj' system The /-cj'stine and the chohne were ob tamed from the Eastman Kodak 
Co , Rochester, New York. 

• The McCollum stock diet (5) has the followmg composiUon in parts per cen t bran 67 5, 
whole milk powder 15, casern 10, butter 5, NaCI 1 5, and NajCOj 1 0 
1 Average of 10 rats only 
§ Aserage of 7 rats only 


RESOLTS 

In Table II are summarized the percent mortality, the incidence per cent 
of the liver lesions, and the average fat content of the livers of rats fed the 
several diets described These features have been divided into 2 periods, 
namelv, those occumng before and those after 2 weeks of the dietarj regimen 
The groupmg of the data followed the general scheme outlined in Table I 
e.Ycept that the groups fed 10 per cent o-stine m the 3 low fat diets (low protein, 
high protem, and high jeast) vere combined These 3 groups showed no 
significant differences among themsehes m their response to the 10 per cent 
CN-stine, with one e-vception which will be mentioned later The mortaht) 
of the 10 per cent c\-stme groups durmg the first 2 weeks was calculated on the 
basis of the numbe'r of ammak that died and that suraived throughout the 
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contammg cystine In Fig 1, these values along with the average liver fat 
content are graphically presented 

Average amount 
^ of lesion 



Fig 1 Effect of different diets on hver lesions due to excess dictar> cystine 
First 2 weeks onlv Ordinates represent average percentage inadcncc and average 
sevent> of bver lesion Abscissa lists different diets, 10 •= 10 pier cent cjstinc, 5 “ 
5 per cent cj-stine, S « stock., LF ■=» low fat, HL = high lard, HB = high butter, 
HLC = high lard and 1 per cent choline 

Effect of Diels on the Course and Liver Lesions Due to 10 Per Cent Cystine 

These data show that the diet modified the mortaht> rate and the character 
of the liv er lesion resulting from 10 per cent cystine If the McCollum stock 
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diet, the oatural food diet. Is considered as the basis for comparison, the 
foUowing results are apparent 

1 A low fat synthetic diet, regardless of the casern or yeast content was 
deletenous This was mdicated by a greater early mortality (only one of 30 
rats lived more than 8 days) and by more necrosis and cirrhosis (Fig 1) 
However, the madence and severity of hemorrhage were not different, 

2 A diet AijA m fat, consiatmg of lard 20 per cent, and cod hver oil 5 per 
cent had some protective action This was indicated by a slightly lower 
mortahty and a slower development of cirrhosis (bold faced figures. Table n) 
On the other hand, the madence and extent of hemorrhage were far greater 
than that m the previous groups (McCollum stock and low fat diets) Necro- 
sis was the same as m the low fat diets but greater than was observed m the 
McCoUum diet 

3 The protective action of the high fat diet (lard 20 per cent and cod hver 
oil S per cent) was not due to fat alone, because 25 per cent butter substituted 
for the lard and cod liver oil, was followed by the most severe and harmf ul 
reaction to cystme The mortality was greatest, the animals died in a shorter 
tune (none survived more than 6 days), and hemorrhage and necrosis were 
most severe In spue of the shorter survival period on this diet, these animals 
had much more drrhosis m this 6 day interval than those on the 20 per cent 
lard and 5 per cent cod liver oil had in a 14 day interval 

Effect oj Diets on the Ltoer Lesions Due to 5 Per Cent Cystine 

Cystme was fed as 5 per cent of 3 different diets the McCoUum stock diet, 
the low protem, high lard, and cod liver oil diet, and the latter diet plus 1 
per cent chohne. There were 15 rata m each group As none of these animals 
died, rats from each group were sacrificed after penods of from 3 to 42 days 
of cystme feedmg Five from each group were sacrificed during the first 2 
weeks and 10 subsequently 

In general, the madence and seventy of the hver lesions were less than 
among tats fed 10 per cent cystme (Table II, Fig 1) although the character 
of the lesion was the same Portal hemorrhage occurred in only 2 of 45 rats 
fed 5 per cent cystme Necrosis in the portal areas, when present, mvolved 
only a few cells. 

Portal cnrhosis was present m each group and the mddence was modified 
by the diet (Table H and Fig 2) Only 5 animals m each group were sacrificed 
durmg the first 2 weeks. There were insuffident data, therefore, to ascertain 
that the rate of development of arrhosis was mfluenced by the diet. However, 
the available data mdicate that the rate of development and the madence of 
arrhosis were related, that is, a rapid appearance of onhosis was associated 
with a high madence of the lesion Comparison of the 15 animals m each of 
the groups with those fed the 5 per cent cystme McCollum stock diet revealed 
flip following with respect to the incidence of cirrhosis 
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1 On the low protein, high lard, and cod hAcr oh diet the incidence nas 4 

of 15 as compared with 9 of 15 on the McCoUmn stock diet, that is, about 
one-half During the first 2 weeks the incidence a\ as 0 of 5 as compared with 
4 of 5 In other words, the low protein, high lard diet had a protccuve action 
against the development of cirrhosis produced b}- either 5 per cent or 10 per 
cent C 3 'stme ‘ 

2 Addition of 1 per cent chohne to the low protem, high lard, and cod liver 
ofl diet did not significantly alter the protecUve effect of this diet, that is, 5 


CIRRHOSIS AND LIYER FAT in RATS FED 
5% CYSTINE 

EFFECT nr dieted CHOLINE 


INCIDENCE 

aRRHDSIS 

IDCH 




SD- ■ 

ts. I 

Jd J 
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LIVER FAT 
CONTENT 54 

c 




Ho 


hS 


■rCIRRHOSIS 
□:LIVER FAT 


HcCDLLUH 

CASEIN: 5 

CASEIN'S 

STOCK 

CA5E1N»S 

STOCK 

FAT :Z5 

FAT : 25 


FAT Z5 



CHDIINE:! 

C0N‘ 

RDL5 




(NO CYSTINE) 


Fig 2 There is no correlation between seventy of fatty infiltration and cirrhosis 
m rats fed 5 per cent cv'sUne Chohne, which prevented the fatty infiltration due 
to the diet, did not inhibit the development of arrhosis The incidence of cirrhosis 
was greatest on the McCollum diet, while the fatty infiltration was least 


of 15 fed cholme had arrhosis as compared with 4 of IS on the diet unthout 
chohne 

Effect of Diet on the Fat Content of the Livers of Rats Fed Excess Cystine 

The average fat content of livers of 12 rats on the McCoUum diet without 
cjstme was 3 5 per cent (range 3 0-4 5) None of these control livers showed 
evndence of necrosis or cirrhosis The average hv er fat content of rats fed 5 
per cent or 10 per cent ej'stme m the McCoUum stock diet was 2 2 per cent 
Although the hveis of a few rats fed 10 per cent c>sUne m the low fat diets 
had slight mcreases in fat content, the average value was within the normal 
limits described abov e (Table H) 

In contrast to the abov e, the av erage liv cr fat content of 8 rats on a low protein, 
high lard, and cod liver ofi diet without cv-stmc for 3 to 40 days was 8 1 per 
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cent (range 4J-13 J) No bver lesions other than fatty infiltration occurred 
m this group Addition of 10 per cent (ystme to this low protein; high fat 
diet resulted m a further increase m the liver fat content in rats that survived 
more than 2 weeks The 5 per cent qrBtine diet, however, resulted m an 
earlier and greater fatty infiltration of the liver than 10 per cent cystme (Table 
n) It IS likely that this is related to the total food mtake rather than to 
cy'stme alone, for, as Table I indicates, the animals that received 5 per cent 
cystme ate twice as much food os those rec^mng 10 per cent cystme There- 
fore, both groups mgested the some amount of cystine, but the 5 per cent group 
ate twice as much fat. 

The fatty infiltration observed with 5 per cent cystme m the high fat diet 
was inhibited by the addition of 1 per cent choline 

The Relaitonship of Fatly InJUlralton arid Ctrrhosis of the Ltver Due to Excess 
Dietary Cystine 

The results described above offer an opportunity to determme any correla 
tion between hver fat content and the dev^opment of curhosis m rats fed 
excess cystme. In these experuneuts, the diet modified both of these charac- 
teristics and if there were any causal relationship between them, the fatty 
infil tration and the arrhosis should have shown some correlation 

Fig 2 shows the madeace of portal arrhosis of the Irver and the average liver 
fat content of groups of IS rats fed 5 per cent cystme in the McCollum stock 
<^et, a low protem-lugh fat diet and a low protem high fat diet plus 1 per cent 
dioline. Cirrhosis was found m 60 per cent of the McCollum stock diet group 
and the average liver fat content was only 2J2 per cent Although 1 per cent 
cholme added to the low protem, high lard, and cod hver oil diets greatly 
lowered the liver fat content, from 20 7 per cent without cholme to 3 0 
per cent, it did not influence the madence of drrhosis which was approximately 
30 per cent, with or without choline 

Fig 3 IS a scatter chart of the fat content and the seventy of arrhosis m the 
hvers of rats fed excess cj'Stme m the vanou^ diets 

No correlation between the liver fat content and the madence or seventy 
of cystme cmhosis was evident from the above data 

Other Findings 

Hypertrophy and vacuolization of the liver cdls were found in each group 
In general the madence and seventy of these features paralleled the degree 
of fatty infiltration However, in a number of instances, the hver cells had 
hydropic vacuoles and the liver fat content was normal or low In these cases, 
the vacuoles did not take up Sudan HE. 

An livers were studied for the presence of mitotic nuclei In contrast to 
the other rats, many mitotic nuclei were found only among the rats fed cystine 
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as 10 per cent of the low fat, bgh protein diet Among the rats fed 5 per cent 
cystine, no mitoses were seen m the livers of the stock diet group, but were 
observed m a few of those recenong low protem and high fat, with or wthout 
1 per cent chohne 


LACK OF correlation BETWEEN LIVER FAT CONTENT 
AND INCIDENCE OF CYSTINE CIRRHOSIS 



Liver fat concentration °/o 


5^0 Cystine 

McCollum stock diet A 

Low protein, high lard • 

Low protein, high lard o 

+ Wo choline ’ 


IQo/o Cystine 

McCollum stock diet L 

Low -fat X 

Low protein, high lard ^ 

Lov/ protein, high butter ® 


Fig 3 Scatter chart shonmg degree of arrhosis and fat content of the livers of 
rats fed excess cj’stine in vanous diets For arrhosis db «=■ fibrosis of less than 3^ 
of the portal areas, + = fibrosis in of the portal areas, ++ “ fibrosis in 3t; of the 
porta] areas, and so on 


In a few instances, where severe liver damage had resulted from excess 
dietary ejstme, enlargement of the spleen with congestion and fibrosis was 
noted 

Of 130 rats fed cj-stme as 5 or 10 per cent of vanous diets, hemorrhagic 
kjdne}-s were found but once 
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Summary of Rnulis 

Benwrrlmie in the In ei vras most Bevere with a hi gh £at mtate, whether 
the fat was lard and cod hver oil or batter Nccrons was more severe with 
syntheUc diets, regardless of the proportions of fat, protem, carbohydrate, or 
yeast, than with the natural food diet. Cirrhosis was less severe during the 
first 2 weeks on the high lard and cod liver oil diet fhnn on the high butter, or 
low fat, or the McCollum diets Fatly infillrahon m the hvers of rats fed ex- 
cess cystine was also modified by diet There were shght mcreases m the 
hver fat content of only a few rats on the McCollum stock and low fat diets 
Marked mcreases were noted m the low protem, high fat groups. This m 
crease m hver fat was prevented by 1 per cent cholme The number of 
mitotic tiudci m the liver cells was greatest among the rats fed the high protem, 
low fat diet In other words, not only is the degree of cystme damage to the 
hver affected by diet, but the pathogenesis of the lesion is also dependent on 
the diet. 


DISCOSSION 

The differences m hver lesions produced by cystine fed m various diets 
were related to differences m the diets and not to differences in consumption 
of cystme The average daily food consumption of the rats fed 10 per cent 
cystme was essentially the same with all diets (Table I) The food consump- 
tion of rats fed S per cent cystme was approximately twice that of rats fed 10 
per cent cystme, so that all groups consumed the same amount of cystme 
It IS pos^le, though not probable, that there were differences m the amounts 
of cystme absorbed from the gastrointestinal tract on the vanous chets In 
this connection it should be noted that Wilson (6) found that rats could absorb 
cystine from the gastromtestmal tract at the rate of 30 mg per hour, or 720 
mg m 24 hours In the present eipenments, the greatest amount of cystme 
consumed by an mdividual rat m 24 hours was 630 mg , while the average in 
take for the groups of rats on the different chets vaned from 300 to 380 mg 
m 24 hours. 

The hver lesions produced by cystine are related to the proportion of cystme 
m the diet but not to the amount of cystme mgested This is illustrated by 
the fact that there were differences in the liver lesions between rats fed 5 
per cent and 10 per cent cystine (Table HI), although both groups mgested 
the same amount of cystine, the food consumption of rats fed 5 per cent cystme 
being twice that of rats fed 10 per cent cystine (Table I) 

It has been repotted that high dietary fat enhances the deleterious effect 
of various hepatotoxms (7-12) or may produce orrhosia (19, 20) The present 
studies mchcate that certam fats such as lard and cod liver oil, when fed as 25 
per cent of the diet, have some protective effect against hver damage caused 
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by excess cjstme, 'while butter does not In Iner damage due to selenium, 
It has been found that a diet contaming 39 per cent beef fat and 2 per cent 
cod h\er oil protected against the de\eIopment of arrhosis of the h\er (13) 

Most of the reported studies state that protem (8-12) and jcast (14) arc 
protects e agamst certam Iner poisons In the present expenmcnts, h\cr 
damage resultmg from 10 per cent cj-stme m low fat diets was not influenced 
by 5 or 40 per cent casern or by 5 or 20 per cent brewer’s yeast The studies 
reported m this paper agree with the findings that j cast per sc has no protects c 
action on carbon tetrachlonde h\er damage when the food mtakc is con- 
trolled (15) 

Gjorgy and Goldblatt (16) ha\e found necrosis and cirrhosis of the liver in 
rats fed, for 100 or more daj's, a diet devoid of Mtamm B, but supplemented 
with thiamme, nbofla\Tn, pyndovme, and pantothenic acid The diet was 
also low m protem (casern 10 per cent) and high in fat (lard 20 per cent, cod 
liver oil 2 pier cent) The addition of small amounts of cjatine increased the 
seventy of hver damage while cholmc prevented it Similar findings were 
reported by Blumberg and Gradj (17) More recently, Webster (18) has re- 
ported necrosis and cirrhosis m rats fed low protein, high fat diets which also 
contamed adequate amounts of brewer’s yeast These lesions were made 
more severe by the addition of small amounts of cystine and were prevented 
b> chohne The present experiments show that the hver damage caused bj 
5 per cent c}’stine fed in a 5 per cent casein, 20 per cent lard, and 5 per cent 
cod hver oil diet was not prevented by 1 per cent cholmc, although the fattj 
infiltration of the hver was markedly inhibited (Fig 2) 

This diflterence m the response to chohne is a distmction between the patho- 
genesis of the h\er lesion produced by ejatme and that caused by low protein 
high fat diets (16-20) Other differences are found m the hver lesions as well 
as m the rate of their de\ elopment On the cystmc diet, the lesions originated 
m the portal areas while those described by Gyorgy and Goldblatt (16) showed 
diffuse degeneration The cirrhosis caused by cj’stme may appiear within a 
week, while under the conditions summarized above (16-18) about 4 months 
on the diet were required for the appearance of cirrhosis The cirrhosis caused 
by cj'Stme was associated with considerable bile duct proliferation (4) and not 
necessarily with fatt> infiltration That found under conditions mentioned 
b} others (16-20) had considerable fatty infiltration and little bile duct reac- 
tion, e\en when small quantities of ej'stme were added to the diet (16) 

SDMMARA ANTJ CONCLUSIONS 

1 The effect of 9 different diets on the Iner lesions resulUng from excess 
dietar>' cj'stme has been studied in 130 rats 

2 The mcidence and se\ent> of each of the followmg liver lesions were 
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vaned by changes in the composition of diets containing 5 or 10 per cent 
cystme 

(o) Bemorrhage was least severe with low fat diets 
(6) Necrosis was most severe with synthetic diets 

(c) Cirrhosis was delayed by a diet high m lard, 20 per cent, and cod hver 
OH, S per cent, but not by a diet high m butter, 25 per cent, 

(d) Fatly tnjillratwn was found consistentlj only with low protein, hi^ fat 
diets 

In other words, the pathogenesis of the liver lesion due to excess dietary 
cystme can be modified by diet. 

3 In the presence of cystme as 5 per cent of a low protem, high fat diet, 

I per cent cholme inhibited fatty infiltration but did not protect the liver 
against damage by (ystme 

4 In these experiments there was no apparent correlation between fatty m 
filtration of the hver and the madence or degree of cmhosis 
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LIVER DAMAGE AND URINARY EXCRETION OF SULFATE IN RATS 
FED / CV^STINE, dl METHIONINE, AND CYSTEIC ACID 


By DAVID P EARLE, Jr., MLD , akd FORREST E KENDALL, PhJD 
{Front the Research Semet, Ftrst Ihvisum^ Welfare Uospilal Deportment of EospUals, 
CUy of New Yorht and the Department of Medictne^ College of Phystetans and 
Surgeons, Columhia Unnersity, New York) 

(Rectaved for pubbcation Novtanber 1 1941) 

It has been reported that rats fed /-cystine as 5 or 10 per cent of the diet 
develop portal necrosis and hemorrhage of the liver (1-4) In addition, more 
prolonged feeding of /-cystine results m portal cirrhosis of the liver (4) It 
has been shown that the metabolism of /-cystine (5) and <fl-methiomne (6) 
results in the urinary excretion of the greater part of the sulfur contamedm 
these ammo aads as sulfate Schmidt and Clark (7), however, have demon 
strated that the sulfur of cysteic add is not oxidiaed by the animal organism 
but IS excreted in the neutral sulfur fraction of the unne 
If the fonnaticm and excretion of large amounts of sulfate resulting from the 
metabolism of /-cystine were the cause of the liver lesions previously de- 
scribed, then dZ-fflcthiorune fed in excess amounts should also result m liver 
damage Cysteic aad on the contrary, should not have this effect The 
present paper is a report of experiments m which this hypothesis was put to 
the test 


Methods 

The sulfur-containing amino adds, /-cystine and di methionine were obtained 
from the Eastman Kodak Co The cystcic aad was prepared from /-cystine by the 
bromine oxidation method and was neutialiied by NaOH before administration 
The sulfur-containing compounds were thoroughly mixed Into either the McCoUum 
stock diet or a low protein, high fat diet of the following composition m grams per 
100 gm. of food 5 butter 25 brewers yeast 5 salt mix 4 and sugar ad 100 

Diesc diets were then fed to albino rats and the daily mtake noted. At Intervals 24 
hour unne collections were made for unnary sulfur partitions (8) as well as ammonia 
determinations. In addition blood for COrcombmlng power values was obtamed 
at the tiTTip of sacrifice. Finally, microscopic sections of the liver of each rat were 
studied for the presence or absence of necrosis and drrhosis. These features, when 
present, were graded on the basis of + to -i--b-4-+ (4) 

The protocob of the 15 rats studied arc presented m Table L The urine collec 
bong penods for rats 9, 14, and 15 were divided between the first and last days of 
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the ex^nment In aU other instances, the coUection pcnods were made concccu 
tively dunng the last da\ s on the cxpcnmcntal data 

RESULTS 

The intake of sulfur and the total sulfur, sulfate sulfur, and ammonia nitro- 
gen unnar> excretion figures are given in Table H These figures represent the 
averages of the \ alues obtamed for each rat m the number of colIecUonpenods 
mdicated in Table I, and are recorded as milligrams per lOOgm of rat per 24 


TABLE I 

Weight, Diet, Days on Diet, Ntmler of Balanu Periods, and Outcome of Rats Fed Sulfur 

Containing Compounds 
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ft tt 

15 

15 j 

3 

it 


hours The per cent of sulfate neutralized by ammonia and the blood COr 
combmmg power \ alues are also gii en in Table II 
The urmary excretion of sulfur was studied in 6 of the rats on the basal low 
protem, high fat diet before the addition of the sulfur compounds The 
average excretion m 12 control periods was 6 7 mg of total sulfur and 
mg of sulfate sulfur per 100 gra rat per 24 hours The corresponding figures 
for 5 control penods in 3 rats on the basal stock diet were 11 2 mg and 7 3 mg 
The excretion figures for sulfur given m Table IT uere not corrected for these 
control values as the food mtake and body v\ eight declined during the pcnods 
of /-cv 3 tme and d/-methiomne feedmg From the available data it vas im- 
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possible to calculate hcrtv mudi of the sulfur excreted during the expemnental 
penods was denved from exogenous and how much from endogenous stores. 
In any case, the control values were relatively small when compared to the 
experimental figures and the results do not appear to be mvohdated by ei 
duding the control values from the calculations 
From Table IT it may be seen that the rats fed excess l-cysUae or ^fZ-methio- 
nine excreted relatiN'ely huge amounts of sulfate sulfur whfle the rats fed 


TABLE n 

Summary of Chankal Data of Rats Fed Suifur-Cortlaimni Compounds 
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cysteic aad formed much smaller amounts of sulfate These results are m 
accord with many other published studies of a similar nature (5-7) Enough 
Bulfate was excreted by the rats fed /-cystme and df-methiomne to require 
large amounts of base for neutralization It migbt be expected that this, 
contmued over a considerable length of time, would be a serious drum on the 
rats^ reserves of base The blood COr<»mbImng power determinations, how 
ever, showed no or moderate decreases from normal values This is probably 
explained by the capaaty of these animals to form large amounts of ammonia 
As shown m Table II, sufficient ammonia was present m the unne of rats fed 
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IJ\rER DAMAGE A^*D ■CnRINAR\ EXCRETION OF SULFATE 


/-cj'stine or rf/-methjonme to neutralize as much as 92 per cent of the sulfate 
excreted 

The degree of necrosis and cirrhosis present in the h\ ers of the rats is re- 
corded in Table HI Hepatic necrosis and/or arrhosis was noted m each of 
the rats fed /-cystine and C 3 'steic aad Although the Ii\ ers of the rats fed dt- 
methionme mere very small and microscopic exammation re\ealcd atroph\ 
of the liver cells, necrosis and cirrhosis were not found Twentj additional 
rats were fed df-methionme at excessive levels m vanous diets No cirrhosis 
was found m any of these, while a few isolated necrotic cells were seen in the 

TABLE m 


Ljiw Damage in Rais Fed Stdjur-Conlaimng Compounds 


Rat No 

Compound fed 

Per cent of diet 

Liver 

Nctroim 

lejlonj 

ClrrhOTli 

1 

/ Cystine 

10 

+++ 

0 

2 

<( 

10 

+ 


3 

« 

10 


+ 

4 

(I 

10 

0 

4- 

5 

(t 

5 

+ 

-h-f-f 

6 

“ 

5 

0 

++ 

7 


5 

0 


8 

H 

5 

+ 

++ 

9 

t( 

5 

0 

+ 

10 

JZ-Metlaonine 

12 8 

0 

0 

11 


6 4 

0 

0 

12 

(( 

10 

0 

' 0 

13 

n 

10 

0 

0 

14 

Cj'steicaad 

15 

+ 

-f-f 

15 

it ft 

15 

+ 

++ 


hver of one rat only A more detailed desenpUon of the effects of feeding dl- 
methionme and cj’Steic acid to rats will be given in another communication 

SOMMAIl\ 

1 Rats fed /-C 3 ^tme at excessive levels excrete large amounts of sulfate 
sulfur m the unne and dev elop liv er necrosis and curhosis 

2 Rats fed d/-methionme at excessiv e lev els evcrcte large amounts of sulfate 
suKur, but do not develop hver necrosis and cirrhosis 

3 Rats fed cystcic aad at high levels excrete relatively small amounts of 
sulfate, but do develop hver necrosis and cirrhosis 

4 In conclusion, there is no apparent correlation between the amount o 









DAVm P EAllLE, Ji,, AND rOIKEST E KENDAU. 


195 


sul fa te formed and the deselopment of liver damage fn rata fed f-cystine, 
dl-methionine, and cysteic adds 

BIBUOGRAPHY 

1 Curtis, A C., and Newburgh, L. H ,^r£* Int ifed , 1927, J9, 828 

2 Sulhvan,M X.,Hc5s,\V C , and SebreU, W A., Pu4 BeaUhRep.U S P H S, 

1935, 47, 75 

3 Ltlhe, R D.Pub BeaUh Rep ,U S P B S , 1935, 47, 83 

4 Earle, D P , and Victor, J J Exp Ifed , 1941, 73, 161 

5 Blum, L., Betlr chem PAjnoI u Path , 1904, 6, 1 

6 Virtue, R. W , and Lewis H B d BW Ckem , 1934, 104, 59 

7 Schmidt, C L. A., and dark, G W , / BM Ckem , 1922, 63, 193 

8 Fiake, CH,J Bid CAcm , 1921,47,59 




CELL STATE AS AFFECTING SUSCEPTIBILrrY TO A VIRUS 

Enhanced Effectiveness of the Rabbit Papilloha Vmus on 
Hypesplastic EPiDESins 

Bt VmXIAM F FRIEDEWALD M D 
{From Ike Labcratones of The Roci^eUer Insitiule for Medical Research) 
Plates 2 and 3 

(Received for publication, September 24, IWl) 

The effects of some viruses ore known to be nltered when they act upon cells 
which have been previously rendered abnormal The virus of herpes simplex 
induces lesions resemblmg those of herpes zoster in rabbit shm altered by 
tar (1), and ultraviolet irradiation of rabbit akm modifies the local susccpti 
bffity to moculation with vaceme virus (2) The Shope papilloma virus (3) 
ellata caremomaa forthwith, as well as vanous papillomas of unusual sort, 
when it IS brought mto association with the epidermh of domestic rabbits, 
which has been tarred for some weeks (4) The experiments reported m the 
present paper were undertaken to leam whether preliminary alterations of 
rabbit cpldenrus would provide a more favorable soil for the demonstration 
of the papilloma virus Often no virus can be got from the papillomas of 
domestic rabbits directly produced therewith though its presence m the 
growths 15 readily demonstrable serologically (5, 6) as also m the cancers 
denvmg from them (7) 

Malawi and Methods 

Papilloma virus was obtained from the naturally occurring growths of cottontail 
rabbits which had been preserved In 50 per cent gl>xenn Locke's solution at about 
4 C Weighed portions of the tissue were passed through several changes of saline 
ground with sand, and suspended in 10 to 20 volume* of 0 9 per cent saline. The 
crude extracts thus obtained were spun In an angle>head centrifuge at about 3500 
iJOL for S minutes and the supernatant fluids were agam spun at about 4500 
for 20 minutes They were now clear amber and were usually highly infccboas as 
such and after filtration through Berkefeld V candles For test they were moculated 
btradenoallv or rubbed mto the skins of adult domeshc rabbits of the gray brown 
(agouti) breed or cottontail rabbits (genus SylvOagus) after scarification with sand 
paper accordmg to a method already described (5, 6) The character of the papfl 
lomas arumg was recorded at frequent mtcrvals from the 8th day to about the 42nd 
day after inoculation according to a standard scale + + + + “ confluent papil- 
lomatosis, + + + • scmiconfluent papillomatosis, ++ - many discrete papillomas, 
4- - 5 to 15 papUbmas ± - 2 3 or 4 papillomas, ± - 1 papilloma, 0 - negative 
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CEIi STATE AS AFFECTING SCSCEnTDILlTi TO \TRGS 


To conserve space, the readings of onlj a few daj-s are gi\ cn m the tables Thc% arc 
representative of the findings as a whole 

Influence of Camnogcmc Agents to Alter Shn Susceptibility 

In a first experiment the results of nibbmg a suspension of papilloma \irus 
mto scarified skm were compared with those consequent on infiltrating tarred 
rabbit ears with the suspension by way of a margmal \ein 

Experiment 1 — ^The cars of fourteen normal cottontail rabbits wore tarred o\cr the 
inner and outer surfaces on three occasions at mtervals of 3 or 4 daj-s This amount of 
tamng caused the ears to become acutely mfiamed, thickened, and moist, but chated 
no tumors A strong rubber band was placed about the base of the car, to stop the 
arculabon, and 5 cc. of a virus filtrate R 1-28) diluted from 1 500 to 1 480,000,— 
m terms of the papilloma material ongmall> extracted, — was then slowh injected 
mto a margmal vem of the car The rubber bands were removed 5 mmutes after 
mjection The ears of each rabbit received different dilutions of the varus 0 2 cc. 
of the same dilutions was then rubbed mto scanfied areas of normal skm on the ab- 
domens of the same rabbits 

The results can be bnefly summanzed Six of the rabbits proved resistant to 
mfeebon, onlj a few growths ansmg from cither the tarred or the normal epidermis 
Eight rabbits were susceptible and m every one many more papillomas developed 
from the tarred epidermis than from the normal skm moculated with the same dilu- 
tion of virus The ratio of the number of papillomas on the tarred skm to that on 
the normal skm was as high as 135 or more to 1 Turthermore papillomas were 
ehated m the tarred ears b> a considerably higher dilution of virus In one mstance 
a ddution of 1 80,000 ehated papillomas on the tarred epidermis, j ct 1 500 failed to 
do so on the untreated skm In five animals jjapillomas appeared on the tarred 
ears and none on the scanfied skm m response to the same dilution of vurus AU of the 
growths were benign papillomas 

The findings mdicate that rabbit skm to which tar has been applied a few 
times IS more susceptible to infection with the papilloma virus than normal 
scanfied skm The objections can be raised, however, that the total amount 
of virus mtroduced mto the tarred ears was greater than that rubbed into the 
skm of the abdomen and that neither the skm situations nor the methods of 
moculation were comparable To control these variables an expenment was 
done next m which virus was rubbed mto areas of skm, some of which had been 
tar-treated while others had been left untreated pnor to scanfication As 
enlargmg the test, other areas which had been treated previously with methyl- 
cholanthrene or benzpyTcne were moculated with virus 

Experiment Z —The hair was chpped from twelve rectangular areas of skm mcasur- 
mg about 3 X 5 cm on the abdomens of four domestic rabbits Small hairy strips 
were left between the areas which were in three antcropostenor rows of four areas 
each One area of each row was painted with a caranogenic tar, nnother Kith 0 3 
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per cent methylcholanthrene m benrene, and a third patch with 0 3 per cent benx 
pyrene in benzene,^ SmaD camel’s hair bntshes were used to apply the agents. The 
remaining area of each row served as control The situations of the control and 
treated areas were varied from animal to animat After each treatment they were 
covered individually with stenlc gauze pads, moored with adhesive to prevent spread 
of the reagents, after which a gauze pad and many tailed binder were put over alt 
The slon treatments were repeated twice per week for 2 weeks. They ehated no 
tumors 

Two days after the last treatments the patches were greatly changed. Those that 
had been tarred showed on stnpping an acutely inflamed and thickened epidermis 
covered with a moist yellowish brown scurf The mcthylcholanthrcne-treatedskm 
was also inflamed and greatly thickened, but less so, and was covered with a dry 
brown scurf The benzene treated skin had a similar appearance To learn the 
nature of the changes a narrow slice of a notmal area and of each of the treated patches 
was taken under ether anesthesia from each mbbit, fixed in add Zenker solution and 
stained with eosm and methylene blue. 

Immcdlately after the biopsies the areas were scanfied with sandpaper and a 0 5 
per cent virus extract (W R. 1 28) was rubbed into one row of the normal and treated 
skm areas, and another similarly prepared extract (WJl. 11-69) into another row 
The treated areas proved more difficult to scarir> than the normal skin, the tar treated 
areas espeoslly, because of the taoist adherent scurf Immediately after moculatioo 
the patches were dried in a blast of warm air and bandaged as before. 

The results of the experiment are shown in Table I The findings with the two 
Virus extracts can be considered together On the 10th day after virus inoculaboo, 
discrete papillomas had appeared on most of the methylcholanthrene treated skm 
areas and on a few of the benzpyrene- and tar treated areas No growths were visible 
on the no rmal akin at this time By the 15th day the papillomas on the treated skin 
areas had greatly increased In number and had enlarged rapidly, many of them now 
bcingscmiconfluentpapillomQtousniasses The normal skin areas, on theotherhand 
showed relatively few papillomas and they were small and discrete. On the 20th day 
most of the treated skm areas showed large, vigorous confluent or semiconfluent 
papillomatous maw^ up to 1 0 cm high while the growths on the normal skm were 
still discrete, in some Instances just appearing and only occasionally were as much 
as 0 J cm, high The papillomas on the treated patches were m man> instances dark 
gray while those on the healed normal akin of the same animal were pink or Eght 
gray All were ordinary virus-induced papQlomas 

The experiment shows (Table I) that a few preliminary applications to 
rabbit skin of tar, benzpyrene, or methylcholanthrene greatly enhance the 
susceptibility of the skin to papilloma virus infection Growths appeared 
earlier m the treated skm, were more numerous, tended to be more pigmented 

1 The tar came from the Oitergasfabtik of Amsterdam, and was the generous gift 
of Dr Kari Landstciner It has been employed m much work in this laboratory 
The methylcholanthrene was obtained from the Tjtst m an Kodak Company and the 
ben zp yrene from Hoffmann La Roche Inc. 



200 


CELL STATE AS ^VETECTING SUSCEFTTBILm TO \TRCS 


and grew more rapidlj , formmg large papillomatous masses at a time ^^hcn the 
gron ths m the normal skm were just appeanng or were still small and discrete 
Similar fihdmgs were obtamed m another experiment when \ irus w as inoculated 
mto normal and methj Icholanthrene-treated skm bj’ means of a tattoo machine 
(Figs 6 and 7) 


TABLE I 


Suscepiihhly to the PaptUoma Vtrus of Normal Sktn and Skm Treated mth Carctno^ertc A lenit 


PaptUoma 

VITUS 

extract 

Ageut applied 
to skin Swore 
virus 

Inoculation* 

Pathogenicity testa 

loth day 

ISth day 


Test rabbits 

& 

b 

c 

d 

a 

b 

c 

d 

a 

Ao 












Kormal akin 

n 

D 

0 

D 

+ 


d= 

-Ht 

++ 

U Jt 1 28 

Tir 

a 

0 

0 

+ 

+tfc 

-H-+ 

+ 

+++ 

4* i'+a: 

(OJ per 

Ben 2 p>Tene 

4- 

□ 

0 


++± 

+-H- 

■Hf 

+ 1 hi- 

+++ 

cent) 

Mctbylcbobin 



± 


-H-+ 

4-H- 

-H-+ 

-H-hfc 

++++ 


threne 











Normal skin 

0 

0 

0 

B 

+ 



+± 

++ 

WR n-<S9 

Tar 

0 

0 

0 

0 

cfc 

++db 

db 

+++ 

++ 

(0^ per 

BcnrpjTene 

0 

0 

il 


++ 


+ 

++± 

■i-+4± 

cent) 

Methj Icholan 

+ 

± 

D 

4: 

+++ 


+4* 

+++ 

4-t-H- 


threne 











20th day 


b 

C 

+4- 

4^ 

4-t-4-f 

4-4-4- 

4-4~f-± 

4-f-H- 

4-4-4H- 

4 - 1 - 1 --!- 

“4 » 1 

4^ 

4- 

4-4-H- 

-H- 

4-4 44' 

■i— 1-4- 

4-4-H- 

4-H- 


d 


•M-db 


I+-H-+ 

++ 


+'H'± 


* BcnzpvTene and methj Icholanthrcne (0 3 per cent m benzene) and tar applied twice per 
week for 2 weeks tTrus inoculated 2 daj’s after last treatments 
H — 1 — h+ = confluent papillomatosis 
+++ = semiconfluent papillomatosis 
++ = manj discrete papillomas 
+ «= 5 to 15 papillomas 
± = 2, 3, or 4 papillomas 
± one papilloma 
0 = negaU\e 


Effect of Non-Carcviogcmc Agents to Alter Skin Susceptibility 

The agents used m the preceding experunent t\ere potent carcinogens, but 
were emplo>ed for so bnef a penod that thej elicited no tumors A test v as 
next done to find tthether non-carcinogenic agents, inflammatory for rabbit 
skm, would have the same eflfcct 

Experiment 3 — ^Twelve skm areas on the abdomens of four domestic rabbits were 
dipped as m Experiment 2 Three on each animal were pamted with benzene as such 
and three others with 0 3 per cent mcthylcholanthrene m benzene three times per 
week for 2 weeks Three more areas were exposed to 1500 r of x-ra> irradiation 48 
hours before \nrus moculaUon The rabbits were protected bj flexible lead loti 
durmg irradiation, Icamng onl\ the areas exposed, and the rays came from a single 
tube run at 5 milhamperes and at a peak voltage of 135 kilobits, without filtration 
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The distance from tube to skin Tvas 50 am The three remaining skin areas served as 
controls A representative piece of the nonnal and treated skin areas was taken for 
microscopic study 2 daya after the last treatments. The methylcholanthrene 
treated ikm showed the same gross changes described in Experiment 2 A 5 per 
cent virus filtrate (W R, 1-30) was then rubbed mto one area of each sort after scanfi 
cation and Into another after dilution of the filtrate to 0 1 per cent Ihe inoculations 
were made immediately after the biopsies 

Table 11 shows the results of the experiment On the J2lh day after virus inocula 
tion the bcnrenc and methylcholanthrene-trcated patches inoculated with 0 1 per 
cent filtrate showed discrete papillomas m three of the four test rabbits No growths 
could be seen on the nonnal or x rayed sldn areas at this time All of the areas In 
oculated with 5 per cent filtrate showed papIDomas the growths on the methylchol 
anthrene-treated areas bebg large scmiconflucnt masses in contrast to the few mrmTI 
discrete growths Just appearing on the nonnal and x rayed patches Many more 
discrete papillomas were present on the bcnaenc treated areas than on the nonnal 
skm, but they were fewer in number and smaller than on the skin areas which had re 
ceived mcthjlcholanthrcne By the 3Stk day the papillomas on the benzene and 
methylcholanthrene-trcated areas moculatcd with the dilute filtrate had devebped 
mto confluent and scmiconflucnt papillomatous masses, whereas the growths on the 
normal and x ra>'ed skin areas produced with the same inocolom were still small and 
discrete though mcrcasmg m number The skin areas inoculated with 5 per cent 
filtrate all showed confluent papillomas, but those on the normal and x rayed patches 
were low moimds, up to 0 an, high whereas on the benzene treated areas they were 
Jagged peaks up to 1 0 an. high and on the skm treated with meth> Icholanthiaie they 
were up to 1 <5 cm bgh The last mentioned growths were deeply pigmented, whfle 
the others were pink or merely streaked with gray Microscopic sections of the 
grow t hs showed them all to be ordinary papillomas 

To extend the findmgs another eipemnent was done This tunc the skin 
areas were treated with ultraviolet light, methylcholanthrene, and a mixture 
of turpentine and acetone. 

Exp^meni 4 — ^A mixture of turpentine and acetone in equal parts, — which had 
proved non-caranogcnic (8), — was applied to three clipped areas on the abdomens of 
four domestic rabbits five times at 2 day intervals and 0.3 per cent methylcholanthrene 
m benzene in like manner to another three Three other areas were exposed to a 
quartz mercury vapor lamp* for 40 minutes at a distance of 25 cm. 48 houra before 
viras moculation. This caused a marked erythema Three untreated skin areas 
served as controls The turpentine and acetone-treated skin became acutely inflamed, 
thickened and hyperkeratotic, as greatly changed m the gross as the methylchol 
anthrene-treated akin A virus filtrate <W.R, 1 70) in concentrations of 0 I per cent 
and S per cent was rubbed into two rows of the areas after scarification 

The results are shown m Table IIL It will be seen that the papillomas on the 
methylcholanthrene- and turpentine and acetone-treated areas arose earlier and In 


* Alpine son lamp, Hanovia C3iemical and Manufacturing Company 
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CELL STATE AS AITECTtNG SUSCEPTTBIUn TO \TRVS 


TABLE n 

Susctpiihhly of Konrd Shn and Shn Treated X-Rays, Berzere, and itethlchalartyere 


inntJoo of 
ms filtrate 
t Jt 1 30 

Skin treatment before 
Vims inoculation* 

PathoEenldty tests 

12th day 

ISth day 

j 3'ti day 

3t rabbits 

ft 

b 

c 

d 

a 

b 

c 

d 

J 

b 

c 
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0 
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+± 
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+ 
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+ 
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++ 
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5 
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'44J- 


Beoxenc 

++ 
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++ 

-(-++* 
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++++ 
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Mclhj Icholanthrcne 
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j 1 t t 
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+++rt 

-H-H- 
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+-H-+ 
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* Benzene applied to sLm areas three times per -week for 2 weeks before %nrus inoculation 

0 3 per cent meth\ Icholanthrcne in benzene applied three times per week for 2 weeks beforonrus inocut 

in 

X-raj irradiation, ISOO r 

Vims inoculated 2 daja after last treatments 


TABLE in 

SusceptihUly of Normal Shn and Shn Treated mth Ullranolei Lrght, Turpentine and Acetone, and 

ifetky Icholanthren e 


ilution 
f vnrus 
Jtrate 

Jl 5 70 
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before virus 
Inoculation* 
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Xltb day 

IBtb day 
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* Ultia%ao!et hght, 40 mmutes irradiation from a carbon lamp 24 hours before lams inoculation 
Turpentine and acetone m equal parts appbed to skm file times at 2 day intervals 
OJ pet cent methy Icholanthrcne m benzene apphed to skin five times at 2 day intervals 
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greater numbers than on those which had been normal There was no significant 
difference between the growths on the treated areas and they all soon became large, 
confluent papillomatous m a ss es The paplUomas ansmg on the areas which had been 
exposed to ultra\iolet light were like those on the normal akin m number and sitj* 

The results of Expenments 2, 3, and 4 (Tables I, II, and m) show that a 
N'anety of agents some carcinogenic, others not, will render the skin abnormally 
susceptible to virus mfection A mixture of turpentme and acetone was as 
effective m this respect as was tar or mclhylcholanthrene These findmgs 
have been confirmed m many subsequent tests m which the procedures have 
been utilized for various purposes Mere acute inflammation produced by 
ultraviolet light did not render the skm more susceptible, nor did the Roentgen 
rays 

Optimal Preparation oj the Skin Jot Vtrtts Injection 

Steps were now taken to determme the number of applications of methjl 
cholanthrene or of turpentme and acetone which renders the skm most sus- 
ceptible to the papilloma virus- 

Experiment 5 — 0 3 per cent roethylcholanthrcne in benzene was painted onto a skin 
area of each of four domestic rabbits at 2 day intervals for a total of six bmes, and 
another comparable skm area was simultaneously treated with a mixture of turpentme 
and acetone Two other skm areas of the same anunals were treated with the agents 
three tunes at 2 day intervals, while another two areas received but a single appUca 
The schedule was so arranged that the last apphcation was made 24 hours prior 
to virus inoculation Two skm areas on each rabbit were left untreated- As usual 
the situation of the treated areas was varied. A nngle apphcation of methylchol 
anthrcnc caused only a reddenmg of the akin after 24 hours After three applications 
however the skm was acutely inflamed thickened and covered with a branny scurf 
Six treatments caused even greater changes with marked thickening and much scurf, 
some of which could be flaked awa> Turpentme and acetone caused similar changes, 
but the skin was slightly less thickened, although more Inflamed Biopsy specimens 
were taken from all of the areas Immediately afterward the areas were scarified and 
a 0,5 per cent virus extract (WJk 1 28) was rubbed into them. 

The results are summarized m Table IV It will be seen that a single apphea 
lion of methylcholanthrene or turpentine and acetone did not alter the sus- 
ceptibility of the qkin to papflloma virus infection, the mcubation penod and 
the number and size of growths were about the same on the normal and treated 
wkm areas Those treated three times, however, showed numerous papillomas 
before any could be seen on the normal areas and they had become large, con 
fluent masses, up to 1 6 cm high at a time when growths on the normal skin 
were still discrete or semiconfluent and no more than 0 4 cm high at most. 
Six applications of the agents rendered the skin only slightly more susceptible 
to virus infection than did three appheations, m spite of the fact that it ap- 
peared much more changed, and histologically was really so, as will be shown 
further on 
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Sue applications of meth} Icholanthrenc or turpentine and acetone at 2 da\ 
mtenals are about the maxunum that the skm of the rabbit’s abdomen will 
bear without becoming macerated’ It wiU withstand man^ applications 
of methylcholanthrene, howe\er, if applied at 3 to 4 da> intervals rurthcr 
experiments have shown that many treatments with these agents fail to render 
the epidermis more susceptible than do three to sux applications at 2 di% 
intervals 


TABLE r\' 


Stisceplibiltly of Shin Prepared for Various Len^llis of Time 
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• Turpentine and acetone in equal parts 
Methjlcholanthrene, 0 3 per cent in benzene 

t Virus extract, W R 1-28, 0 5 per cent, rubbed into scanSed sLin 24 hours after prepa 
ration 


Duration of the Abnormal Susceptibility 

Does the mcreased susceptibility of meth>lcholanthrene-treatcd skin to 
papdloma varus infection persist when applications of methjlcholanthrene are 
discontmued? To answer this question skin areas were treated with methjl- 
cholanthrene m the next experiment and then inoculated with papilloma virus 
at vanous mtenals from 1 day to 1 month after completion of the treatments 

Experiment 6 — Five areas on each of five rabbits were pamted with 0^ per cent 
methjlcholanthrene in benzene at intervals of 2 davs for a total of four times The 
treatment of each skm area was begun on a different date so that from 24 hours to 4 


* The agents mentioned induce a profuse growth of hair It has been found that 
removal of this with chppers pnor to each application provndes a better prepared 
epidermis which can be rcadilj scarified 
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■rots had elapsed on the day when they were aH inoculated with 0 1 per cent virus 
filtrate (WJl E) Just prior to inoculation biopsies were made as usual 

Table V shows the resulU of the Eaperiment. As noted in the preceding 
tests, papillomas appeared earlier and in greater number on the methylcholan 
threne-treated skin moculated 24 hours after completion of the treatments 
than on scarified normal skm The areas moculated with virus 1 week afUr 
wards showed slightly fewer papHlonias m four of the fi\e test rabbits but m 
one instance there was no difference The skin inoculated 3 weeks after dls- 
contmuation of the methylcholanthrene apphcations showed more growths 
than the normal skm m two instances only, and the patches inoculated 4 weeks 
after the applications had been stopped yielded the same results as the normal 

TABLE V 

Duration oj Ikt Irurtased SuKeptlbilfty of Ifethyloliolontkrtne Trtattd Skin 

‘nzot trom 
(kin tt«*t 
mat* to 
Tins 

bocnUtlotit 
Test nbUU. 

1 dir 

1 wb 

2 mki- 
J vil. 

4wU. 

Normtl lUn 

• OJ per cent ncthykhoUnthrene In bcniene applied to ikm four time* at 2 da> Intervals, 
tVinia filtrate, WJlsE,! 1000 

skin It IS thus apparent that the increased reactivity of methylcholanthrene 
treated skm to papilloma virus infection is transitory and is lost withm 2 to 4 
weeks after the treatments are stopped 

Cemparatm Ttiraltons oJ the Vtrue on Normal and Altered Sktn 
The mcreased number, shortened meubation period, and the rapidity with 
which the papiUomas enlarged when virus was moculated mto properly pre 
pared skm pomted to a markedly increased effectiveness of the virus. Eipen 
ments were neat undertaken to learn whether it would be infectious m dilutions 
which yield no growths under ordinary orcumstances The virus is rarely 
mfectiouB on the scarified normal skin of domestic rabbits m dilutious beyond 
1 100,000 (in terms of weight of papilloma tissue extracted) (6) 

Experiment 1 — Six squares were clipped ononesideofthe beDy of four rabbits, and 

paintrf with a mixture of turpentine and acetone five tunes at 2 day intervals They 
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showed the usual altcraUons Sii corresponding squares on the other side were not 
treated All were scarified and a papiUoma vntus attract (V,' R 1-2S) in dilutions of 
from 1 10,000 to 1 10,000,000 n-as rubbed into corresponding normal and treated 
squares The inoculaUons were made 24 hours after the last of the turpentine 
acetone applications 

It tnll be seen (Table \T) that bj the 16th daj after inoculation all of the 
treated areas which had receded the 1 50,000 dilution of Mrusshoned papil- 
lomas and the 1 100,000 had also caused them m one animal No growths 
whatever had appeared at this time on the control squares Later the control 
areas showed papillomas m ever> case as result of the 1 50,000 dilution, and 
the 1 100,000 dilution also caused them m the more susceptible animals But 

TABLE VI 

TtIraUon of a Vtrus Preparatton in Normal and in Turptnhnt and Ace one Treated Shn 
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* Turpentine and acetone in equal parts applied three times per neck for a total of fi\c 
times before wrus inoculation 


the virus had proved greatly more e£fecti\ e on the treated areas At 1 100,000 
it regularly produced papillomas, as did the 1 500,000 dilution, while m three 
of the four animals the 1 1,000,000 dilution proved effectne, and in one m- 
dmdual the virus extract >ielded papillomas when diluted 10,000,000 limes 
The expenment shows that not only was the number of papillomas increased 
and the mcubation penod shortened b\ the use of treated skin but the titer of 
the virus was much stepped up' — from 10- to 100-fold Another, similar 
experiment, using methylcholanthrene-treated skin and another virus extract, 
yielded practically idenUcal results In a subsequent paper man> instances 
will be gnen, mcidentally to other work, of the enhanced susccptibilit> of 
treated skin 

Efccl of Shn Alterations before and after Virus Inoculation 

It seemed possible that meth>lcholanlhrene or tuipentmc and acetone 
applications to the epidermis after virus moculaUon might have the same 
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effect as preliminary treatment. An experiment was done to test the possi 
bflitj 

Exptftmenl S — Nine areas In three paraDel rows were dipped on the abdomens of 
four rabbits Those of one row were pamted with 0.3 per cent methylcholanthrcne 
In bensene at 2 da} intervals for a total of four times, with result m the usual changes 
The other six patches were not treated Twb days after the last treatment ah were 
scanBcd and inoculated with a virus extract (W R. 2 95) in dijntlons of 1 50 000, 


TABLE Vn 

InfedMty of Virus tn Skin Trcaltd teUk Iftikytchoicnihrtns before and afUr Inoculaiian 
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* 0.3 per cent methylcholanthrcne In bcniene applied to ikm four time* at 2 day mtervals 
before vims inoculation 

1 03 per cent methyldiolanthrene b benicne npjJied to ikb four times at 2 day btervals 
begumbg 5 da}*8 after virus inocnlation 


1 500,000, and 1 5 000,000 One area of each row received the same dhutwn of virus 
Five days later, when the skin areas had almost healed, one of the rows of patches 
which bad not been treated pnor to inocnlation was pabted with 03 per cent methyl 
cholanthrene m benzene and the appheatjons were kept up at 2 day mtervals for a 
total of four times, agam mdudng the familiar changes To the other rows of patches 
nothing farther was done. 

The results of the experiment are set down in Table VII On the 18th day 
after inoculaUon the virus diluted 1 500,000 had caused papfllomaa on all of 
the patches treated with methylcholanthrcne prior to mocnlatlon and so too 
had a diluUoa of 1 5,000,000 in one rabbit. The contrd patches and those 
treated with methylcholanthrene after inoculation showed at this time no 
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papillomas where \*iru5 had been moculated m dilutions abo\c 1 50,000, and 
the> were only just appeanng inhere this latter had been put Bj the 35th 
day (after which no growths appeared) the 1 5,000,000 dilution of the \irui 
had produced papillomas on all of the skin areas treated before inoculation, but 
had faded to cause growths on untreated areas or on those that were treated 
with methylcholanthrene after virus moculation I 50,000 caused large, con 
fluent or semiconfluent papillomatous masses on all of the areas prepared before 
moculation, but it produced only a few discrete grov\ ths on the other areas 

Manifestly, methylcholanthrene treatment of the skin after virus inoculation 
did not enhance the effects of the nrus A similar expenment, using a mLrturc 
of turpentine and acetone mstead of meth) Icholanthrenc, jnelded similar 
results except that fewer growths arose on the skin treated with the turpentine 
and acetone after scarification than on the untreated skm 

Results of Altering the Skm of Cottontail Rabbits 

The work was now extended to cottontail rabbits, the natural hosts of the 
papilloma virus, to learn whether their skm can be rendered more susceptible 
to the virus * 

Several experiments of the sort already desenbed were frustrated by skm injurj , 
maceration and bactcnal infection occurring when two to four apphcations of Dieth>l 
cholanthrene or the mixture of turpentmc and acetone were applied at 2 da> intervals, 
— procedures well tolerated in the domestic rabbit However, when the intervals 
were lengthened to 4 days the skm underwent the same gross changes as m these 
latter animals But unfortunatel> it also became notably susceptible to bactenal 
infection and scarification frequently resulted in broad abscesses To avoid these, 
resort was had to mtradennal moculations of the virus These gav’e irregular results, 
yet by and large the several experiments gave clear indications that methylcholan- 
threne, benzene, and a mixture of turpentine and acetone, all render the epidermis of 
the cottontail rabbit unusually susceptible to the papiUoma virus 

Nature of the Skin Changes 

The agents that enhanced the susceptibility of the skm for the papilloma 
virus all caused marked alterations of the same general sort In the gross thej 
consisted of thickenmg, scurfing, increased pigmentation, and more or less 

< The papilloma virus ordmanl^ titers shghtlj higher m susccpUble cottontaik 
than m the domestic species Table MU shows the results of rubbing graded dilu 
tions of a vTius extract OV R 1-28) into scanfied skm areas of six normal domestic 
rabbits and sue cottontail rabbits One cottontail proved immune to the varus and 
hence was not mcluded m the table It wiU be seen that the varus extract produced 
growths m all of the cottontail rabbits m dilutions up to 1 800,000, whereas this bst 
caused none m anv of the domestic rabbits, and in onb two of the six did a dilution of 
1 400,000 cause an> 
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acute inflammation The extent of the changes, however, varied with the 
agent used 

The microscopic findings can be briefly summanxed — 

The tnymaZ shn of the abdomen of the domestic rabbit has a thick connective tissue 
stroma and a mere sbm of superficial epidermis (Fig 1), consisting of a Malpighian 
layer one to three cells thick which keratinizes abruptly without differentiation 
The hair foUicIes do not go deep and the sebaceous ^nds are ntiflll and inconspicuous. 
Three to four applications of tar to the skin were found to cause striking changes 
(Fig 2) The hlalphlghian layer became greatly thickened and the appeared 
larger than normal and showed monj mitoses. They differentiated gradually form 
ing a granular layer and a thick stratum of kciatinlzation The hair follicles became 
greatly distended with keratin In many instances Numerous sebaceous glands ap- 
peared and the dermis showed an acute Inflammatory reaction with edema small 
hemorrhages, and cellular infiltration All these changes have been often described 
before A single apphcatlon of mclkylchotantkrene caused a mild inflammatory re- 
action Id the dermis and the basal cells of the epidermis appeared to be sllghtl> larger 
than normal but were not mcrcascd m number After three or four applications the 
epidermis was markedly hyperplastic and the changes were similar to those seen in the 
tarredikm,butlesscrlndcgrcc(Fig 8) AftcriixappllcationsthercwasevcngTeater 
thidtenmg and irregulanty of the epldenms and portions of the skin were necrotic. 
When the trcatmoits were disaratinued the skm gradually reverted to the no rmal. 
Within 1 week after the skin bad received four applications ofmethylcbolanlhrene, 
regression was evident The epidermis was stni thicker than normal and exhibited a 
graded differentiation but the cells showed for fewer mitoses than 24 hours after the 
treatments and were smaller and less abnormal Withm 2 weeks involution was 
advanced, and after 3 weeks the epidermis had returned to normal save for a slight 
hyperkeratosis The bait follides appeared normal now except at the bases where 
there was still some thickening of the epithelial layer and the cells showed numerous 
mitoses and were slightly larger than normal. A few polymorphonuclear Icucocjtes 
could sliD be seen in the connective tissue. After 4 weeks the skm seemed wholly 
normal. Bentpyrene caused changes simitar to those induced by methylcbolanthrene 
except that the sebaceous glands were more hyperplastic and occasionally cystic. 

The non-caronogeme agents which were effective m increasing the susceptibility 
of the ulnn for the vinis brought about much the same histological changes. Tvrpen 
itne and acetone caused less hyperplasia of the epidermis than methylcholanthrcne 
(Fig 3) but a more acute inflammatory reaction In the subcutaneous tissue The 
bentene-ireated shn was less hyperplastic than that altered by methylcbolanthrene 
but the general changes were similar Occasionally there were small patches of 
epidermal necrosis The sebaceous glands were markedly hyperplastic and showed 
differentiation 

UUravtolei Itgkl caused an acute Inflammatory reaction 48 hours after irradiation, 
but the epidermis was still os thm as usual at this time and sometimes showed small 
areas of necrosis X-ray irradtaiion ehdtcd no si gn i fi ca n t changes In the skm under 
the conditiona employed (Experiment 3) These agents failed to alter the suscepti 
bility of the skm for the virus as Eipcnmcnta 3 and 4 showed 
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The microscopic changes eliated m cottontail rabbit skin bj the caranogcnic and 
non-carcmogenic agents rvere at least as marked as those seen in the domestic rabbit 
and usuall> more so Two to three apphcations of meth\ Icholanthrcnc, benzene, or 
turpentine and acetone at mten.rals of 4 da^•s changed the epidermis of the mid rabbit 
from a thm, dehcate epithehum one to two cells thick, to a grcatlj thickened and 
irregular, differen tiatmg sheet, with distended, h\-pcrplastic hair folhdcs and numerous 
sebaceous glands Further apphcations usuallj rendered the epidermis necrotic. 

The findmgs plamly showed that the \'anou5 agents uhich enhanced the 
susceptibilitj' of rabbit skin all caused the epidermis to become hj-pcrplastic 
and to proliferate actively The agents which pro\ ed ineffecti\ e, — ultra\ lolet 
light and \-ray, — did not do so, although the former produced an acute in 
flammatoiy reaction m the skin 

The Skill Changes Induced by Scarification 

Several authors ha\ e desenbed the earl> stages m virus-induced papillomato- 
sis (9) but no one has mquired mto the changes which follow immediately upon 
scarification of the skm and virus munction It seemed probable that a know I- 
edge of these changes would aid toward an understanding of the reasons for the 
mcreased susceptibility of altered skm, and consequently a study of them was 
undertaken PapiUoma virus was rubbed mto some scarified areas and a 
solution of mmute graphite particles (hydrokoUag (10)) mto others, to learn 
the fate of particulate matter as such 

Expcnmeiil 9 — Nme skin areas on the abdomens of three domestic rabbits were 
piainted with 0 3 per cent methylcholanthrenc in benzene at 2 da> intervals for a total 
of four times 24 hours after the last treatment a representative piece of the changed 
skm was removed from each animal All of the areas were then scanfied with sand 
papier to the usual ertent, that is to sa\ , until there was oozing of scrum, sometimes 
blood-tmged, and a 5 per cent piapiUoma virus extract (\V R D) was rubbed into three 
of the piatches, a dilute suspension of h> diokoUag in sahne into three others, w htle the 
remaming three areas were left as such In addition nine untreated areas on each of 
three other rabbits were similarly scanfied and the virus and the hydrokoUag suspen 
Sion were rubbed mto them Slices of skm were taken from aU of the vanous areas 
5 hours after scarification, and additional pieces were procured after 1 , 2, 4, 6, 8, 1 1 , and 
14 days Thev were fixed m aad Zenker’s and stamed with cosin and mcth> Icne blue 
Dupheate sections from the areas receivmg hydrokoUag were stained with Lichtgrlln 
as weU 

It was found that scarification of the normal skin to the extent ordinanh cmplojcd 
for virus inoculation remoi ed practicaU> aU of the epithelial coienng and some of the 
superficial connective tissue as weU, cutting across the hair foUiclc shafts near the 
surface C)nl> occasional smaU islands of surface epidermis were left After 24 hours 
the conncctiv e tissue was edematous and showed a few p)ol>Tnorphonuclcar lcucoc> tes 
and a thin scab bad formed on the surface, but as vet no epithelial repair had taken 
place The scab had become much thicker after 24 hours, owing not onl> to the ac 
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cumulation of dried cxudAte but mostly to necrosis of the superfiaal connective tissue 
layer with mcotporabon of the dead material In the scab After 48 hours epithelial 
regeneration was for the first time plainly evident. It took ongm almost entirely 
from the cells of the hair foUide shafts, the epithelial cells extending laterally between 
scab and Imng connective tissue and sometimes Into acvicefi m the latter The first 
extension seemed to be mostly migration though occasional mitoses could be seen 
The newly formed cells showed many mitoses later After 2 to 4 days they had 
multiphcd and spread latenill> to such extent as to form umbrella like expanses with 
the hair folhcles os the staffs of the umbrellas At this time the epidermis had not 
nearly covered all of the denuded surface. The connective tissue was still edematous 
and showed some round cells and polymorphonuclear leucocytes but the scab had 
begun to separate here and there After 4 to 8 days the surface was entirely covered 
With a layer of hyperplastic epithelium (Fig 5) three to six thick which had 
differenUated into granular and keratimred layers. The picture was markedly differ 
ent from the normal (Fig 1) The hair foUicle shafts had thickened only slightly 
except next the orifices where the epithelium was hyperplastic. There was no evident 
stimulation of the sebaceous glands. At this time the surface scab had only just come 
away and remnants of It could be seen Later the hyperplastic epidermis slowly took 
on a normal appearance and by the 14th day it had nearly done so though here and 
there it was still shghtly thickened and hyperkcratotlc. 

The shn anas inoadaUd vnih paptUoma virus showed simDar general changes 
during the fint days, and with the inoculum employed — which gave nse to growths 
relatively late, — changes referable to the virus were not discerned until 6 to 8 days 
had clajMed Then the chaiactenstic alterations of early papfllomalosis (9) could be 
made out here and there By the 1 1th to the 14th day there were discrete character 
istic growths. The microscope showed most of them to have arisen from the basal 
layers of the new hyperplastic epidermis which now covered the surface between the 
hair foIUdes. 

The anas into vfnch hydrokoUai had been rubbed showed the black particles m close 
contact with the abraded surface immediately after the inunction and m direct contact 
With the epithelium of the hair follicles that had been cut across. But as the scab 
thickened owing to the necrosis of the superfidal tissue with mcorporation in it of the 
dead layer almost all of the hydrokollag became incorporated too, only traces remam 
Ing b crevices here and there where it might come b contact later with the regener a t 
bg epithelial Careful search was made for phagocytosis of it by these elements 
but none could be found, and when the newly fonned epidermis keratinized, by the 
4th to the 8th day after scarification , it was all cast off 

These findmgs show that the scarification of normal skm as ordinarily done 
removes nearly all of the surface epidermal cells and entails a loss of most of 
the virus (if one can judge from what happens to hydrokollag) m the scab 
which forma, the result bebg that the chance for it to reach susceptible cells 
13 greatly reduced Almost the only spots at which virus is directly brought 
mto contact with epithebum are where the hair foUiclea have been cut across 
and even here the cpithelmm commonly becomes imphcated b the later 
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necrosis and is lost Papilloinas den\ed from the hair folhclc epithelium arc 
nelativ el} infrequent Instead the} nsuall} appear on the surface between the 
hair follicles and one must suppose the} pnnapall} anse from }oung, regen 
crating cells which haae extended laterally from the follicles to co\cr the 
denuded surface 

Scarification of the methylcholanthrenc-trcatcd shn (Fig 8) was done to the «anic 
extent as with normal skin, that is to sa} , until the surface of the patch seemed e\ cr\ 
where abraded and serum oozed out Though the surface epithelium was markedh 
hyperplastic, the microscope showed that practicall} all of it had been rcmo\ cd as m 
the case of the normal skin, exposmg the fibrous conum and the hair follicle shifts 
(Fig 9) These latter were hyperplastic The connective Ussuc became edematous 
as usual, polymorphonuclear leucocytes wandered into it, and scabbing tool place 
with mcrease in the thickness of the scab by superfiaal necrosis (Fig 10) But 
epithebal regeneration was far more rapid than under ordinary arcumstanccs Wth 
in 24 hours after scarification it was already far advanced (Fig 10) and within 48 
hours the entire abraded surface was covered (Fig 11) Migration began by lateral 
extension from the hair folhcles, and was attended by such active multiphcation that 
very soon large, thick, umbrella-hke structures with the folhcles as the shafts of the 
umbrellas had formed beneath the surface scab (Fig 12) Thej consisted of great 
numbers of epidermal cells, man} of them in mitotic division, and as these spread 
along the surface beneath the scab they frequentl} mvaded irregularly the crcvnccs m 
the fibrous conum The sheet of hy^ierplastic, actively regencratmg epidermis that 
rapidly formed was much thicker than that produced by the regeneration of ordmarv 
epidermis (Fig 5) and consisted of a shallow kcratmizcd lay er and a Malpighian lay cr 
ten to fifteen cells deep, showmg numerous mitoses Irregular papiUac extended 
down mto the connective tissue The hair folhcles were distended with kcratmizcd 
epithehum and the epithelial hnmg was thickened There appeared to be a notable 
increascm thenumberof sebaceous glands and they were rendered prominent not only 
bv hyperplasia but bv retention of secretion which caused many of them to be actually 
cystic It seems probable that the hyperplastic surface epithehum had become so 
crowded through active proliferation as to prevent escape of their contents Four to 
6 days after scarification the epidermis was more orderly, differentiating into wide 
granular and keratinized lay ers, and as kcratinization progressed the scab came away 
Involution took place rapidly and by the 14th day the epithehum had returned prac 
ticallv to normal save for irregularities of basal contour and local thickenings where 
the lav er of hvnng cells was sUll three to four cclk deep The hyperkeratosis was now 
m general less than that where the normal skm had been scanfied 14 days previously 
While involution was gomg on the sebaceous glands at first became still more cvspc, 
some of them roundmg out mto small spheres but later the distention of them disap- 
peared and they agam became mconspicuous 

The mcihyldwlanlhrcne treated areas mhich j;ere vtoculatcd vith urus after scanfica- 
Uon underwent sunOar changes The effects of the varus were evident m them earher 
than when scanfied nonnal skm had received the same inoculum, the charactenmc 
cytological changes mdicaUv e of the begmnmg of papillomatosis being perceptible in 
one rabbit 4 days after moculation and on the 6th day m others The fate of the 
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hydrokollag wts the satoe as ■when rubbed into scarified normal wkin. Piacticalty 
all of it was caught in the scab and came away when this did 

From these findings it is plain that the changes which render shin especially 
susceptible to the virus provide to the latter joting, actively proliferating 
cpidennal cells in unusually great number and at a much earlier stage m events 
than when normal skin has been scarified Where the hair folhcles have been 
cut across by the sandpaper many more cells are exposed to direct infection 
with the 'virus, and where it persists under the scab the regenerating cpithdium 
soon reaches it. 

Iniradermal Inoculation of Vtrus into Prepared Rahbti Shtn 

Despite the defects of moculation into scarified areas as just disclosed, it 
has proved the most certain method to the present for titrating the papilloma 
■VITUS. Intradermal mjection of actT\e virus into normal stin does not always 
result m growths, and the incubation period is regularly longer than In scarified 
flkm (4) ‘ It has seemed worth while nevertheless to detennme the effects of the 
mtradexmal inoculation of virus m slan altered by methylcholanthrene Ac 
cordingly papilloma virus was so moculatcd and was also rubbed mto scarified 
normal and methylcholanthrene treated sUn areas at comparable situations m 
the same animals, Inadentally, to enlarge the general findings, a mixture of 
methylcholanthrene and Schariach R was applied to some areas, and the dye 
was mjected mtradermally into other areas that had also been treated with 
methylcholanthrene prior to ■virus moculation Schariach R is known to cause 
a profuse epidermal proliferation and sometimes temporary downgrowths 
simulating early carcinomatosis (11) 

Experimeni 10 — Four rectangular areas were clipped on each Bide of the abdomens 
of four rabbits. One on each side was painted with 03 per cent metlylcholanthrene 
in bcnacne, another with a saturated solution of Schariach R m bcnxcnc containing 
03 per cent methylcholanthrene, while a third -was painted with 03 per cent methyl 
cholanthrene m bcntenc and 0 1 to 03 cc. of a saturated solution of Schariach R in 
olive oU was mjected mtradermally at several places. The treatments Tfere repeated 
four times at 2 day mtervals The fourth area on each side served as control Two 
days after the last treatments pieces were taken from each area of two of the rabbits 
for microscopic study The mixture of methykbolantbrcne and Schariach R caused 
much greater skin alterations than did methylcholanthrene alone. The thickened 
«Vm vras rendered far more rugose and became bo redundant as to be thrown Into 
folds. Microscopically, the changes resembled m many -ways those seen in the tarred 
epidermis, already described, but the thickening of the Burface layer of epithelium 


* This IS also true of tattoo inoculations. 
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CELL STATE AS AFFECTING StJSCEPTIBILlTV TO \TRUS 


\ ITUS, herpes virus, and \ irus m is found in the \ oung cells filling in the defects 
consequent on scarification (13) 

The experiments here reported to learn the effects of the scanfication prelim 
mar^' to \nrus moculation and the stages in its repair ha\ e disclosed that most of 
the surface epithelium is scraped a\%a\ and that practicallj all of iihat is left, 
and the superficial connects e tissue as well, is destroj ed in the scab %\ hich forms 
withm the next 2 daj's As alreadj pointed out, the i irus rubbed into the raw 
surface must also be lost m the scabbmg and but little can remain here or there 
imdemeath the dead matenal to infect the \ oung, regenerating epidermal cells 
w'hich extend from the hair foUicles It is possible that some direct infection 
of the preexisting ham foUide cells may occur at the tune when the shafts of the 
follicles are cut across by the sandpaper and the \ irus is rubbed in, but this 
seems unlikely because the scabbmg mvoh es them too Indeed, microscopi 
cally one seldom sees papillomas beginning at the hair follicles, these ordinanlj 
ansmg from the reconstituted surface sheet of epithelium which lies be- 
tween them 

The vanous agents which render the skm more susceptible to infection with 
the virus all effect changes which should bnng young, acti\el> regenerating 
cells mto association w ith the x irus in much greater number than ordinal) and 
at a much earlier tune They also mcrease the local vasculanty, and to this 
circumstance as well as to a much more abundant initial cell infection the 
shortened incubation penod and subsequent rapid enlargement of the papil- 
lomas can be laid Olitsk) and Schlesinger (14) have recently shown that 
local edema produced by the subcutaneous mjection of h)'pcrtonic solutions 
pnor to moculation of the skm with herpes virus greatl) increases the effcctix c- 
ness of the latter, and Sprunt (15) has brought exidencc to show that susccpti- 
bilitj to infection with xaccine \irus is influenced b) the number of cells 
exposed to the latter But the mcreased susceptibility of the altered skin for 
papilloma x irus ma) be due to more than the pronsion of a richer vasculariza- 
tion and of an mcreased number of susceptible cells for mfection The m- 
dmdual young cells of an epidermis regeneratmg after alteration b) the 
preparatix es of the present work may be especially susceptible to the x irus 

Under the ordmary arcumstances of scarification and xnrus inunction infec- 
tion takes place at scattered points xxath secondary’ coalescence, the result 
bemg separate more or less broad-based papillomas or confluent papillomatous 
expanses The scattered character of the mitial infection explains why con- 
fluent masses usually haxe craggy peaks wnth clefts between that frequenth 
extend down to the skm lex el, and whv on cross-section local differences can 
be perceixed, which are expressions of the proliferation of diffenng infected 
cell families (16) Onlx occasionallx does mfection by scarification result in 
growths so compacted as to suggest that a broadcast, pnmarx mfection has 
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taken place Naturally cMXurrmg papillomas m cottontails are not mfre 
quently compacted, however, having the form of sohd discs or “onions," 
presumably because they are the outcome of primary pimctate infection with 
expansDe enlargement Growths of simflar sort can be produced expen 
mentally in both cottontails and domestic rabbits by mtradennal or tattoo 
inoculation 

Bryan and Beard (17) ha^e lately laid stress on the length of the meubation 
penod (time elapsmg after moculatlon before papihomas are visible in the 
gross) os a reliable mdicator of the amount of active virus present m the 
moculum There can, of course, be no doubt that the greater the number of 
virus entities distributed upon a scarified area the greater the chance will be 
for cells to become infected, up to a certom maximum, other thmgs bemg equal 
and, — since most papiUomas are consequent on multiple cell infection, — the 
sooner should the papillomas appear But if the skin is abnormal other 
factors enter mto the matter, as the present work shows, notably the regenera 
tive activities of the epidermis and the local vascular state The rate of ap- 
pearanc* of papfllomas is conditioned not only by virus quantity and patho- 
genicity but by the state of the tesue acted upon 

The experiments here reported pro\nde a practicable method to render 
papDloma virus many times more effective on experimental moculatlon 
Papilloma extracts that do not eliat growths in normal akin m dilutions beyond 
1 100,000 produce growths in methylcholonthrene- or turpentine and acetone- 
treat^ skm m dilations of 1 1,000,000 or 1 10,000,000, while furthermore the 
Incubation period ol the papSlomss in the altered shn is considerab}} shorter 
than m normal skin It has been calculated that about 94,000,000 papilloma 
protem molecules are present m the dilution giving the 50 per cent pomt (18) 
The findmgs of the present cipenments suggest that this figure mostly 
expresses the difficulty of brmgmg virus mto association with susceptible 
By the means described m the present work the number of entities 
m the moculum requisite to infection can be reduced considerably, although 
under the circumstances of virus munction mto scarified akm most of the virus 
13 still lost by the way To gauge the effectiveness of individual papilloina 
VITUS entities one would have to be certain that these reached the appropriate 
r.»TlB and that the latter were m a state to be infected Needless to say, these 
considerations apply to other viruses as wclL 

Experiments earned out with Dr John G Kidd have shown that skm prep- 
aration by the methods here described is useful m demonstrating papilloma 
vmifl m materials which fail to give nse to growths when moculated m the 
ordinary way Extracts of domestic rabbit papfllomas which are non patho- 
gemc when so tested, m which, that is to say, the virus appears to be “masked,” 
produce gp!>w ^^^ in most Instances when moculated into methyicholanthrene- 
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CELL STATE AS AEFECTING SUSCEPTIBILITi TO MRUS 


Virus, herpes ^ irus, and \ irus m is found m the } oung cells filling m tlie defects 
consequent on scarification (13) 

The experiments here reported to learn the effects of the scanfication prclim- 
inar>' to \ irus inoculation and the stages in its repair ha\ e disclosed that most of 
the surface epithelium is scraped awaj and that practicall} all of what is left, 
and the superficial connectn e tissue as w ell, is destroj ed in the scab w hich forms 
n ithin the next 2 daj's As alread 3 pointed out, the \ irus rubbed into the ran 
surface must also be lost m the scabbing and but little can remain here or there 
underneath the dead material to infect the > oung, regenerating epidermal cells 
nhich extend from the hair follicles It is possible that some direct infection 
of the preexisting hair follicle cells may occur at the time when the shafts of the 
follicles are cut across by the sandpaper and the x irus is rubbed in, but this 
seems unlikely because the scabbing invokes them too Indeed, microscopi 
cally one seldom sees papiUomas beginning at the hair follicles, these ordinarilx 
ansmg from the reconstituted surface sheet of epithelium which lies be- 
tween them 

The vanous agents which render the skm more susceptible to infection with 
the vuais all effect changes which should bnng young, activcl) regcneratuig 
cells mto association with the x irus m much greater number than ordinar) and 
at a much earlier tune They also mcrease the local vasculanty, and to this 
circumstance as well as to a much more abundant mitial cell infection the 
shortened mcubation penod and subsequent rapid enlargement of the papil- 
lomas can be laid Olitsky and Schlesmger (14) have recently shown that 
local edema produced by the subcutaneous mjection of bj'pcrtonic solutions 
pnor to moculation of the skm with herpes x irus greatly increases the effectn c- 
ness of the latter, and Sprunt (15) has brought evidence to show that susccpti- 
bilitj to infection wath xaccine x’lrus is mfluenced by the number of cells 
exposed to the latter But the mcreased susceptibility of the altered skin for 
papilloma xnrus may be due to more than the provision of a richer x asculanza- 
tion and of an mcreased number of susceptible cells for mfcction The in- 
dividual young cells of an epidermis regeneratmg after alteration bj the 
preparatix es of the present work ma> be especially susceptible to the x irus 

Under the ordmary circumstances of scanfication and x'lnis inunction infec- 
tion takes place at scattered pomts with secondary coalescence, the result 
bemg separate more or less broad-based papillomas or confluent papillomatous 
expanses The scattered character of the mitial infection explains \ hv con 
fluent masses usually haxe craggy peaks xvith clefts between that frequentk 
extend down to the skm lex el, and why on cross-section local differences can 
be perceixed, which are expressions of the proliferation of diffcnng mfccted 
cell families (16) Onlx occasionallx docs mfcction by scanfication result in 
growths so compacted as to suggest that a broadcast, pnmary infection has 
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taken place Naturally occumng papillomas In cottontails are not mfre 
quently compacted, however, ha\mg the form of solid discs or "omons,” 
presumably because the> are the outcome of primary punctate infection with 
expansile enlargement Growths of similar sort can be produced expen 
mentally m both cottontails and domestic rabbits by intradermal or tattoo 
moculation 

Br>an and Beard (17) ha\^ latel> laid stress on the length of the mcubation 
penod (time elapsing after inoculation before papiUomas are visible in the 
gross) as a reliable mdicator of the amoimt of active virus present m the 
moculum There can, of course, be no doubt that the greater the number of 
\nrus entities distributed upon a scarified area the greater the chance will be 
for cells to become infected, up to a certain maximum, other thmgs bemg equal 
and, — smee most papillomas arc consequent on multiple cell infection, — the 
sooner should the papUlomas appear But if the sUn is abnormal other 
factors enter mto the matter, os the present work shows, notably the regenera 
tive activitica of the epidermis and the local vascular state The rate of ap- 
pearance of papillomas is conditioned not only by virus quantity and patho- 
gemcjty but by the state of the tissue acted upon 

The experiments here reported provide a practicable method to render 
papnioina virus many tunes more effective on experimental moculation 
Papilloma extracts that do not eliat growths m normal akin m dflutions beyond 
1 100,000 produce growths in methylcholanthrcne- or tuipeatbe and acetone- 
treated skm m dilutions of 1 1,000,000 or 1 10 000,000, whole furthermore the 
mcubation penod of the papillomas m the altered skm Is considerably shorter 
than m normal skm It has been calculated that about 94,000,000 papflJoma 
protem molecules are present m the dilution giving the 50 per cent pomt (18) 
The findings of the present experiments suggest that this figure mostly 
eiprcffics the difficulty of bnngmg virps into association with susceptible 
fflU. By the means described in the present work the number of entities 
m the moculum requisite to infection can be reduced considerably, although 
under the circumstances of virus munction mto scarified skm most of the virus 
13 still lost by the way To gauge the effectiveness of mdmdual papilloma 
virus entities one would have to be certain that these reached the appropriate 
n»11< and that the latter were m a state to be infected Needless to say, these 
considerations apply to other viruses as welL 

Expenmenta earned out with Dr John G Kidd have shown that skm prep- 
aration by the methods here described is useful m demonstrating papMoma 
virus m materials which fail to give nse to growths when moculated m the 
ordinary way Extracts of domestic rabbit papillomas which arc non-patho- 
gemc when so tested, m which, that is to say, the virus appears to be ^Waked,” 
produce g r« : r w tbs In most Instances when moculated mto methyicholanthrcne- 
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CTLL STATF AS AFFECTING SCSCFJTTBam TO %TRUS 


\ ini': hcrpos \ inis, and \ inis ITI is found in the > oung cells filling in the defects 
consequent on scanfication (H) 

The eApenments here reported to learn the effects of the scarification prelirn- 
inan to \ irus inoculation and the stages in its repair ha\ c disclosed that most of 
the mrfacc tpithehum is scraped aua\ and that practicalh all of what is left, 
and the superficial connectu e tissue as w ell, is dcstro\ ed in the scab w Inch forms 
withm the nect 2 da\'S ^s alrcad\ pointed out, the % inis rubbed into the raw 
surface must also be lost in the scabbing and but little can remain here or there 
underneath the dead matenal to infect the a oung, regenerating epidermal cells 
which cAtend from the hair follicles It is possible that some direct infection 
of the preexisting hair follicle cells raaj occur at the time when the shafts of the 
follicles arc cut across b> the <:andpapcr and the \ irus is rubbed m, but this 
ccems unlikeh because the scabbing m\ol\cs them too Indeed, microscopi- 
calh one seldom secs papillomas beginning at the hair follicles, these ordinarily 
ansmg from the reconstituted surface sheet of epithelium which lies be- 
tween them 

The \anous agents which render the skm more susceptible to infection with 
the \irus all effect changes which should bnng >oung, activel) regenerating 
cells into association with the \ irus in much greater number than ordinary and 
at a much earlier time Thc\ also increase the local vasculantj , and to this 
circumstance as well as to a much more abundant initial cell infection the 
shortened incubation period and subsequent rapid enlargement of the papil- 
lomas can be laid Olitskj and Schlesinger (14) have reccntlj shown that 
local edema produced b) the subcutaneous mjection of hj^pcrtonic solutions 
pnor to inoculation of the skm wath herpes x irus greatlj increases the effectn e- 
ncss of the latter, and Sprunt (15) has brought evidence to show that suscepti- 
bilitx to infection with xaceme \iru5 is mfluenced b> the number of cells 
exposed to the latter But the increased susceptibility of the altered skm for 
papilloma \ irus max be due to more than the prox ision of a richer vasculariza- 
tion and of an increased number of susceptible cells for infection The m- 
dixidual xoung cells of an epidermis regeneratmg after alteration b> the 
preparatix es of the present w ork ma> be especially susceptible to the x irus 

Under the ordinary circumstances of scarification and xarus inunction infec- 
tion takes place at scattered pomts with secondary coalescence, the result 
being separate more or less broad-based papillomas or confluent papillomatous 
expanses The scattered character of the initial infection explains why' con- 
fluent masses usually haxe craggy peaks with clefts between that frequently 
extend down to the skm lex el, and why on cross-section local differences can 
be perceixed which are expressions of the proliferation of diffenng infected 
cell families (16) Onlx occasionally docs infection by scarification result m 
gro" ths so compacted as to suggest that a broadcast, pnmary infection has 
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taken place Naturall> occurring papiflomas m cottontails arc not mfre 
quentiv compacted, however, having the form of solid discs or “onions,” 
presumably because they are the outcome of primary punctate infection with 
expansQe enlargement Growths of similar sort c an be produced etpen 
mentally m both cottontails and domestic rabbits by intradcrmal or tattoo 
moculation 

Bryan and Beard (17) ha^ e lately laid stress on the length of the meubation 
penod (time elapsing after inoculation before papillomas are visible in the 
gross) as a reliable mdicator of the amount of active virus present m the 
inoculum. There can, of course, be no doubt that the greater the number of 
virus entities distributed upon a scarified area the greater the chance will be 
for cells to become infected, up to a certain maximum, other things being equal 
and, — since most papillomas arc consequent on multiple cell infection,— the 
sooner should the papillomas appear But if the skin u abnormal other 
factors enter into the matter, os the present work shows, notably the regenera 
tiv e activities of the epidermis and the local \’ascular state The rate of ap- 
pearance of papillomas is conditioned not only by virus quantity and patho- 
gematy but by the state of the tissue acted upon 

The experiments here reported provide a practicable method to render 
papilloma virus many times more effective on experimental moculation 
Papilloma extracts that do not eliat growths m normal skin in dflubons beyond 
1 100,000 produce growths m methylcholanthrene- or turpentme and acetone- 
treated skm m dilutions of 1 1 000,000 or 1 10,000,000, while furthermoTe the 
incubation penod of the papfliomas m the altered skm is considcrablj shorter 
than m normal skm It has been calculated that about 94,000,000 papilioma 
protem molecules are present In the dOuUon gmng the 50 per cent pomt (18) 
The findings of the present experiments suggest that this figure mostly 
expresses the difficulty of bnngmg virus into association with susceptible 
cells By the means described m the present work the number of entities 
m the moculum requisite to infection can be reduced considerably, although 
under the circumstances of vims munction mto scarified skin most of the virus 
13 still lost by the way To gauge the effectiveness of individual papilloma 
virus entities one would have to be certain that these reached the appropriate 
cdls and that the latter were In a state to be infected Needless to say, these 
considerations apply to other vimses as welL 

Experiments earned out with Dr John G Kidd have shown that skin prep- 
aration by the methods here described is useful In demonstrating papillonm 
virus In materials which fail to give rise to growths when moculated in the 
ordinary way Extracts of domestic rabbit papfllomas which are non patho- 
gemc when so tested, m which, that is to tay, the virus appears to be “masked,” 
produce growths m most instances when moculated mto methylcholanthrene- 
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O' turpentine and acetone-treated skin These findings i\ill be reported in 
detail in a forthcoming paper 


SLant,\Ra 

Rabbit skin can be rendered abnormalU susceptible to papilloma Mrus 
infection ba prcliminara treatments a\ith a aancta of agents The most cf- 
fectn e agents thus far found are 0 3 per cent methj Icholanthrcne in benzene 
and a mixture in equal parts of turpentine and acetone, applied four or fi\c 
times at 2 daa inteiaals When \irus is inoculated into skin altered ba these 
agents, either intradermalla or ba inunction after scarification, papillomas ap- 
pear earlier and in greater number than on normal skin, and much higher dilu- 
tions gia c rise to groia ths The method proa ides a means of detecting amounts 
of a irus aahich cause no papillomas upon inoculation into normal skin 
Papilloma a irus matenal aahich is rubbed into scanficd normal or ha’perplastic 
si in is largela lost in the scabbing aahich ensues, and nearla all of it fails to 
reach su'^ceptible cells Tlie prcparator> agents aa hich increase the elTectia e- 
ness of the a irus bnng about marked epidermal hj'pcrplasua, and the haTicr- 
plastic tissue regenerates aaith greater rapidita aahen scanficd The agents 
ca idcntla act in large part ba proa iding a oung epidermal cells in quantity to 
the a irus, as also ba induemg a ncher a asculanzation than ordinara' in support 
of the papillomatous proliferation It is possible that thc> also act bj proa id- 
ing cspccnlla susceptible cells The implications of the findmgs arc discussed 
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CELL STATE AS .VrEECTING SUSCEimBILlTi TO \TRDS 


EXPL.VNATION OF PLATES 

All of the •speamen'; ■ncrc stained i\ith co‘;in and mcth\lcnc blue 
The photographs Mere made b\ Air Jo'ophB Haulenbcek 

Plate 2 

Fig 1 Normal 'kin, from the abdomen of a normal domestic rabbit It has been 
o\crstaincd with hematorvLn to make the thin epidermal lajcr more c\ndent X 18 
Fig 2 Portion of an area of abdominal skin which had been tarred tMice a week for 
2 weeks Biops\ 2 da\ s after last application X 18 

Fig 3 Skm treated with turpentine and acetone The mucturc had been applied 
fi\e times at 2 da\ mtcn-als Biops\ 24 hours after last treatment X 18 

Fig 4 To show the skin alterations induced bj four applications at 2 da> inters als 
of a saturated solution of Scharlach R in benzene containing 0 3 per cent mcth\]- 
cholanthrene X 18 

Fig 5 Illustrating the marked hj^pcrplasia of normal skin after scarification 
Speamen taken 8 da\-s after scarification X 18 

Figs 6 and 7 Cro«s section of the papillomatous masses formed after broadcast 
tattoo inoculation of normal skin (Fig 6) and of meth>lcholan throne treated skin 
(Fig 7) of the same rabbit The growths were remo\od and sectioned 42 dajs after 
\irus inoculation Onl\ a piortion of the ma's on the methj Icholanthrenc treated 
skin IS shown X 2} 
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CELt STATE AS AITECTING StrSCXPnBnjTi TO \TRUS 


EXPLANATION OF PLATES 

All of the <peamens were 'tamed ^\ith cosm and methjlene blue 
The photographs •were made b% Mr Joseph B Haulenbeck 

Plate 2 

Fig 1 Normal 'km, from the abdomen of a normal domestic rabbit It has been 
o\ cr'tamed unth hematoTv bn to make the thin epidermal laj cr more endent X 1 S 
Fic 2 Portion of an area of abdominal skin which had been tarred twice a ^^cek for 
2 weeks Biop'j 2 daj's after last application X IS 

Fig 3 Skm treated with turpentine and acetone The mixture had been applied 
fi%e times at 2 das intcrs-als Biopsj 24 hours after last treatment X 18 

Fig 4 To show the 'kin alterations induced b> four applications at 2 da\ intervals 
of a 'aturated solution of Scharlach R in benzene containing 0 3 per cent mcthjl- 
cholanthrcnc X 18 

Fig S Illustrating the marked h>’peiplasia of normal skin after scarification 
Specimen taken 8 das ' after scarification X 18 

Figs 6 and 7 Cro's 'cction of the papillomatous masses formed after broadcast 
tattoo inocubtion of normal skin (Fig 6) and of mcth>lchol3nthrcnc treated skin 
(Fig 7) of the 'ame rabbit The growths were rcmos ed and sectioned 42 dal’s after 
iirus inoculation Onli a portion of the mass on the meth>lcholanthrcne-trcatcd 
slan IS 'hown X 2} 




Plvtf ^ 

FiC' S to 12 In illu'trite the change^ induced h\ '^canfication of mctlnlchohn- 
threni treated «hin \11 the <;]x?cimene were taken from the ‘=ame rahhit 

Fii ^Iltll^lchohnthrl^( treated >;kin before “^canfication t) ^inrcent ni(th\l 
chohntlireiH iiilKnztne Ind in en applied to it four time-' at 2 da\ intereaN Ibojise 
24 liour- after la't treatment y 18 

lie 'I ^ hour^ afte r 'renlicatioii The '-urfaee epithelium ha'- bean ilmost com 
pleteK remoeed together with Mime connectue ti'-'-ue and the ujiiar ixirtion of the 
hair follicle =haft'' \ •■cab i'- forming on the "surface X IS 

Ik 10 24 hour- after '=canfication T he ecab is unu^ualK thick as rtMull of suiicr 
ficial necro-is in\oKinc lioth the connects e ti"UC and hair follicle shafts From the 
latter epithelial regeneration 1 = alreade taking place, the new cells extending between 
scab and conncctixe tissue The bracketed region is showai at greater magnification 
in Fig 12 X 18 

Fic 11 48 hours after scanfication Fpithelial regeneration is now complete and 
the denuded surface is coecred with markedle hx'perpLastic epidcnnis The sebaceous 
glands are also h\|Kq)Lastic and man\ art distended with secretion Hence their 
prominence a« compared \ ith those of Fig 8 X 18 

lie 12 The bride ted region of Fig 10 at higher magnification The epithelium 
1 ' spnading Lateralis from the shafts of the hair follicles to form umbrella like struc- 
ture' ‘'ome of the ness epidermal cells can be seen extending irregularis into cresices 
in the fibrous conum X 60 
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The total blood volume is usually calculated from the plasma volume and 
the venous hematoent with the use of the formula 


Total blood volome 


Plaoma volume 
(1 — venooi hematoent) 


The plasma volume has commonly been determined by one of the several dye 
dflutioa methods and as perfonned has been assumed to be accurate to withm 
5 per cent The venous hematoent has been assumed to be representative 
of the average hematoent of all the blood m the vascular system Application 
of the prmaples of hydrod>mro{c3 to the problems of blood flow and blood 
volume mdiCHtes that neither of these assumptions is valid The experimental 
data to be presented confirm the fact that the blood volume values calculated 
from the plasma volume and venous hematoent are subject to considerable 
systematic error 

In the observations subsequently to be described, we shall demonstrate 
by several techniques that the mass of red blood cells m the body is approod 
mately 75 per cent of the commonly accepted amount, that few of these cells 
are immobilized m '‘reservoirs,” that the mixing time for erythrocytes is 
much more rapid than that for dyes, and that the usually accepted times for 
miimg of dyes in the vascular system probably represent miring m the "anal 
stream” only, and not m the entire contents of the vessels 

About 100 vears ago Pedet (11, 15) pointed out that -when a hquid moves over a 
solid surface a shiggiahly moving fluid film costs on the surface of a stationary fluid 
film iTie character of both is entirely different from that of the mam body of 
moving fluid and they form a tone between the rapidly moving fluid and the waD, 


* We are mdebted to the members of the Radiation Laboratory at BerLdcy 
California, and in particular to Dr E O Lawrence and Dr M D K a mrn for the 
radioactive iron used- 

t We are indebted to Eli Lilly and Company for aid m conducting this work- 
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acting tow-ard the transportation of heal, ^apo^, and matter as though thc\ were a 
'cparate mtcnal The presence of these films has been aerified b\ mine inacstiga- 
tort (10), and their properties arc controlling factors in man\ procc^sc^ Their 
cnaractcnstics rccen c important engineering consideration, and the\ de^ra c cqualla 
as much attention from the pha siologist 

\n instance of the importance of these films i<; encountered in a consideration of 
the mechanics of miaing of particulate matter in a aessel plot of the aclocita of a 
fluid against its distance from the aa-all of the containing aessel shoi\-s that there is no 
motion of the fluid at the boundara avail (13), and that aaith progression toa\-ard the 
center of the tube the aclocita of the motion increases Xear the aaall of the aessel 
the fluid flow IS in a path parallel to the a -all, and there is no component of acloat> 
at nght angles to the latter \pproaching the center of the aessel, howeaer, the fluid 
elements begin to traacl in forward moving spirals although the “net flow" is still 
parallel to the w-all The path of ana giaen particle now has a large component of 
acloata at right angles to the aessel aaall Thus, from a condition of “aiscous," 
or "straight line ’ flow near the aaall we haae progressed to “turbulent” flow in the 
center These two tapes of flow exert a profound and acr> different effect upon the 
mixing of the ncighbonng fluid laaers 

\pplaang these pnnaples to the problem of hcmodjaiamics it is evident that when 
blood flows through a blood vessel, two films of plasma exist along the wall of the 
vessel, one anthout motion, and the other with a sluggish motion parallel to the wall 
of the blood vessel The flow of this film is “anscous” or “straight hne,” and there 
IS no turbulence or mixing between these films and the rest of the contents of the 
vessel Microscopic inspection of small blood vessels shows that these films are for 
the most part dev oid of era Ihroa tes 

The thickness of the surface films vanes inacrscla with the aelocita of flow of 
the mam boda of the fluid contents, and the percentage that thej constitute of the 
total fluid contents of a vessel vanes inacrsclj with the diameter In the blood 
vascular sastem as the artcncs and artenoles become smaller and approach the 
capillara bed there is no increased acloat> of blood flow, but an actual decrease in 
-elcnl\ There is also a great increase in the number of aesseb and a decrease in 
their diameter Therefore the surface films might be expected to consUtutc a pro- 
gressiach increasing proportion of the total contents of small artenes, artenoles, and 
capillanes That thu> should be the case is demonstrated b> the following formula 

The total volume of the fluid in a unit length of vessel is rrr where n is the radius 
of the vessel If t IS the thickness of the covihticd slalionar% and sluggis/t Jilms, 
a hich consist of plasma onlj , then the radius of the boda of fluid in axial flow is 
f r-, and the a olumc of fluid in the axial stream is Trs The a olumc of plasma 
in the films is then -ri* - rr;* The fracUon (/) of total plasma in the films is then 


rr, -rr. 
rri* 


-, eliminaUng r 


(1) This maa be expressed as 


rr - ry 


(2) Lquatioa (1) ma> be expanded to 


(n 


/ 

— rs)(ri — n) 
rr 


f 
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(3) Now since fi — ri — / which is constant for a constant velocity of fluid flow 
we can substitute (3) m (2) ^ y tppnninmtcs n where I is 

smaD, we have — /or ^ — / dlminatiDg one — - f Thus, since f 

r-C rr n 


is shown to be indirectly proportional to the radius, os the vessel becomes smaller 
the fraction of p l a sm a In sluggish movement increases. It is obvious that this rela 
tionship docs not hold in capiUanes where the diameter approaches that of a single 
red cell However, Zweifach and Kossnuum (18) found that the individual capillanes 
vai> considerably in size, the fluctuaPons noticed being from3tol0micra in diameter 

It has been observed bj many Investigator* that rapid plasma flow may occur m 
vessels apparently too small to permit passage of red cells 

The influence of these surface films on determinations of blood volume was first 
pomted out by Hooper Smith Belt, and Whipple (9), who recognized that the 
hematocrit of capfllarj blood was considerably lower than that of venous blood due 
to the existence in small vessels of a central anal stream ' of cell nch blood and a 
peripheral, relatively cell free still space Using the carbon monondc inhalabon 
and Welder vivnperiasion methods to dctcnnme the volume of cry'throcv'tes ( 'direct 
methods 0 they demonstrated that the total mass of erythrocytes was 20 to 30 per 
cent less than the values obtained by caicnlations based on the plasma volume and 
venous hematocrit- 

Fthraeus (2) emphasized the fact that the blood flowing through a capillary has a 
much lower ratio between cdls and plasma than the blood which flows from its cut 
end an obsen.'ation which ts eiplamed by the rclatnTly great velocity of flow of the 
cell ndi axial stream and the slow flow of the peripheral films. 

Using cr^dhrocytes tagged ’ with radioactive iron, and determining their dilution 
in the orculating blood Hahn Balfour Ross Bale, and Whipple (6) confirmed the 
fact that the total maas of red blood cells m the body is approximately 25 per cent 
less thftn that indicated by the plasma volume-venous hematocrit calculation*. 

Stead and Ebert (14) recently arrived at the same conclusion by demonstrating the 
discrepancy between bematoent and hemoglobin changes produced by bleeding end 
the amounts of blood removed. 

The surface film-axial stream relabonship existing in the blood vessels and the 
differences in type of particle motion wiUun them not only influence the distnbution 
of erythrocytes m these vessels but also operate to retard the passage of dyes from 
the rapidly moving turbulent axial stream into the sluggishly moving and stationary 
peripheral films. This difference m type of mixing has been neglected m the usual 
pltitmjt volume determination and has introduced considerable error mto the proce 
dure, an error which In turn has been reflected m the blood volume estimation. 

Mg/kodj 

Uncxerdsed, healthy normal or anemic dogs were used for all experiments. To 
avoid bpcmia the food was withheld for 18 hours before plasma volume dctennina 
tions were made. Plasma volumes were detenmned by a modification of the brilliant 
vital red procedure (9) The amount of dye miected was luflSnent to produce such a 
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ccnccntration in the plasma <;ample that the colonmetcr reading was )\ithm 10 per 
cent of the standard dduted d\e reading A single sample of plasma was secured 
4 minutes after administration of the d\c, care being exennsed to a\oid stasis in the 
\ cm and hemolesis The anticoagulant used was I 4 per cent sodium oxalate solution 

The mass of red blood cells was determined b\ four techniques (c) b\ \n\apcrfusion 
and determination of the total amount of hemoglobin rcmo\ ed (9) , (f>) b\ determina- 
tion of the amount of tagged blood cells which had to be wthdrawn to remove com- 
plcteU from the arculation all of the radioactive iron tagged cells (which had pre- 
Mouslv been built up in the arculation bv methods desenbed (7) elsewhere), (r) by 
determining the dilution of radioactiv e tagged cells after removal of a knowai quantitv 
of blood (and radioacUv e tagged cells) when regeneration of blood had restored the 
onginal hematoent, (d) bv determining the dilution in the arculation of injected 
radioacuv e tagged ervthroc>-tcs (6) 

The technique of the modified ^\clckcr viviperfusion method has been desenbed 
cL«cwhcre (16) The perfusate was collected in isotonic sodium oxalate solution, 
and the hematoent of an ahquot determined Total iron content or radioactive 
iron concentration and hemoglobin content were determined on packed red cells, 
(since the use of whole blood for the latter procedure ma> lead to erroneous results 
(17)) Hemoglobin determinations were performed according to the method of 
Newcomer (12) 

Determination of the red cell v olume bv cither of the depletion techniques (method 
2 or 3) was accomplished as follows An iron depleted anemic dog was fed a single 
do'c of radioactive iron and regeneration of hemoglobin was allowed to proceed until 
the concentration of this matcnal in the blood was ncarl> constant The animal 
was then bled rcpcatedlv over a penod of several weeks until all of the radioactive 
tagged cclL were removed from the arculation The radioactiv it> of the blood 
removed at each bleeding was determined, and the total actmt} of all the removed 
blood calculated The total red blood cell volume was then calculated b> dividing 
the total acuvitv removed b> the initial concentration of radioactivntj per unit 

V olume of cell' 

■\ modification of this procedure consisted in bleeding the animal several times and 
allowang blood regeneration to restore the hematoent to the same lev cl that existed 
pnor to the hemorrhages Assuming the red blood cell volume to be the same at 
the same hematoent level, this volume was then calculated b> dividing the total 
radioactiv itv remov cd in the bleedings bj the difference in concentration of the isotope 
in the arculating blood before bleeding and after regeneration 

The donor ccU dilution method of detcrmming red blood cell volume has been 
desenbed bneflv clsev here (6) It has distinct adv antages ov cr other methods of cell 

V olume determinations It can be picrformed on normal ammals or animals with anv 
degree of anemia The conditions under which it Tna> be earned out arc ph>’siological 
and do not di'turb the normal hcmodvnamics or v ascular s>-stem The tagged cells 
arc rot subject to lets from the vascular sj'stem (as arc d>cs and carbon mononde) 
Ervthrocvtcs "tagged” or "labelled” with radioactiv e iron were drawn from a donor 
dog in whom hemoglobin regeneration with radioactive iron had been produced (7) 
The:~c cells, containing a known amount of radioactive iron, were then admimstcrcd 
rntraveno-sh (m a penod of 30 seconds) to the dog under studv (who-c own cells 
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contained none or a known concentration of radioactive material) Tbe degree of 
dilutjon of tbe radioactive tigged cells was determined on blood samples removed at 
2, 4, 6, 10, and 15 mmntes and at daily intervals following the Injection Coagulation 
of these samples was prevented with isotonic sodium oxalate, they were centrifuged 
35 minutes at 2500 jlpjl, the cell-plasina ratio was determined, and the were 
subjected to wet ashing and radioactivity determination as described elsewhere 
(4, 5) Tbe red blood cell volume was then calculated by dividing the total radio- 
activity in the injected donor erythrocytes by tbe radioactivity per unit volume of 
cells in the sample. 


TABLE I 

Rfd Cefl Volame and Avmte Body Besmiocrii by Vivip«f$uion If died 


Do, 

WeUht 

Pk«u 

1 TofaoM 
by dye 

c«u 

1 VotOOM 
e&lcB 
Uted by 
dye 

1 CeU 
volame 
deter 

1 abrnd 

Blood 
Tobme j 
dtter 
aleed 

Jn,T»Ur 

bemto' 

alt 

Amye 

banetfr- 

crit 

lUtio oil 
vebnM 
detennioed 
to cell 
raluzDO 

bydye 1 

Ratio 
•Ten^e 
bcDUtocrlt 
to Jonlu 
beuLoerlt 



mL 

mL 

i ml 

mL 

1 tMl 1 

1 

1 

ftrctni 

33-329 

15 6 

700 

660 

400 

1100 

49 

0 1 

36 1 

61 i 

74 

40-167 

14 S 

680 

725 

495 

1175 

51 

3 , 

42 1 

68 

82 

39-161 

8 3 

320 

310 

285 

60S 

48 

6 

47 

92 

97 

38-320 

14 9 

760 

240 

160 

920 

23 

5 

17 ; 

67 

72 

37 186 

6 4 

285 

155 1 

130 

415 1 

37 

4 

32 1 

84 

85 

Pup 3-A 


235 

145 

115 

350 

37 

5 1 

32 

79 

85 

« 4-A 


285 

170 

115 

400 

36 

9 

29 1 

68 

79 

‘ S-A 

6 2 

295 

180 

125 

420 1 

38 

0 , 

30 

70 

79 

‘ 6-A 

6 4 

375 

190 

115 

490 

33 

4 

24 

61 

72 

« 1 1 

2 1 

165 

67 1 

30 

195 

28 

6 

15 

45 

52 

‘ 1-C 1 

10 3 

395 , 

280 

210 

605 

41 

2 

35 

75 

85 

* 2 C 

4 7 

285 

145 I 

120 

405 

32 

6 

30 

1 S3 

92 

■ 5-E 1 

16 0 1 

720 1 

725 1 

570 

1290 

50 

0 

44 

72 

88 

Avenge | 

71 

SO 


•IB emadated. 


The radioactive lsotcq>e of Iron, Fc^ used for these cipcninents was prepared b> 
deutcron bombardment of iron and had a half period of 47 days. Preparation of 
samples for radioactivity detennmation has been described (4, 5) 

EXPERaiENTAL OBSERVATIONS 

1 The Erythrocyte Volume As Indicated by Vtotperfuston 
When properly performed vivipctfusion very effectively removes practically 
all red from the body The hematoent of the perfusate is usually below 
1 per cent terminally, and the tissues (with the exceptions of the spleen and 
bone marrow) are bloodless at autopsy and microscopically As shown by 
the iron analyses of Hahn and Whipple (8), the total mass of erythrocytes 
left in the body after viviperfusion does not amount to more than 1 to 2 per 
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cent of the total cell mass Thus the \*alucs for er> throcj te \ olumcs shou-n 
in Table I are subject to an error of not more than 5 per cent Companson of 
the a alucs for red blood cell \ olumc as determined bj a la iperfusion is made 
avilh thcaalues calculated from the plasma a olume-jugular hematocrit It 
15 ea ident that in eaera instance the latter method giacs results 15 to 30 per 
cent higher than those obtained ba a la iperfusion 

2 Tic Er\ll Tocylc Volume Is Detenrtned by Depletion of Radioactive Iron 

Containing Cells 

In Table 11 the a olume of er> throca tes as calculated from the plasma a olumc 
and jugular hematoent is compared aaith the a olume as determined by deple- 
tion of radioactiae iron containing cells oaer a penod of weeks by repeated 


TABLE n 

Compansonof Told Red BtoodCdl I chimes AsCdcidded from Plasma Volumes and Determined 
Directly by Radio Iron nemoglohtn 


Dor 

Red cell 
\olune deter 
mmed directlj 

Red cell \ olume 
cilctiUted from 
plosnu \ olumc 

Plasma vol 
time bj dye j 

Jutjular 

bematoait 

A\ eraije bod> 
hematoent 

RAtlo 
red cell 
volumes 


rtl 

r/ 

nt 

ftr cent 

per cent 

ftr eint 


B> depletion of radio iron in arculation b> repeated hemorrhage 
39 196 I 350 I 400 1 575 I 43 2 37 8 I 0 76 

38-170 1 300 I 490 I 475 I 50 5 38 8 | 0 61 

Bj change in concentraUon of radio iron in arculation 


38-137 

270 

405 

590 

40 7 

31 4 

0 67 

39 133 

215 

310 

455 

39 7 

32 0 

0 69 

37-202 

160 

280 

570 

31 6 

22 0 

0 57 

37 202 

120 

200 

810 

18 6 

12 9 

0 60 


hemorrhages Since the animals used in this tj'pc of capenment were iron 
deficient and onlj a single feedmg of a small amount of iron was giacn, all of 
the radioactia e isotojae aaas present m arculating erj-throca tes at the beginning 
of the capenments Complete remoaal of these tagged cells reasonably can 
be assumed to indicate complete remoaal of all the cells present in the aascular 
system at the beginnmg of the expenment The mass of cells as determined 
b\ this procedure is found to be 24 and 39 per cent lower than the \ alucs 
calculated from the plasma \ olume and jugular hematoent 

1 Tie Erytlrocyte I olumc Ir It dicated by tl e Regeneration Dilution of 
Radioactive Iron Containing Cells 

Tlie \ olumc of crythrootes determined by regeneration dilution of radio- 
actnc iron containing cells folio-’ ing remo\al bv blccdmg of a 1 nov n quantity 
of blood is compared with the \alues calculated from plasma % olume and jugular 
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hematocrit m Table II The latter method gives values considerably higher 
than those obtained with the dilution method 

4 Erythrocyte Volume Determined by Injection of Tagged CeUs 

Table HI shows the erythrocyte volume as indicated by determinations of 
dilution of mjected radioactive iron containmg fylTg The rapidity with 
which these cells are mixed with those of the entire vascular system is evi 
denccd by the almost identical values obtained after 2 min ute and 24 hour 
mfadng periods It is improbable that such rapid and complete mixmg would 


TABLE m 

Circtddlni and Total Red Cdl Mau Determined hy tie Rodtoacitve Donor CM lltliod 




ActMty ta rcdplat cdla 


Clm 
latia* 
red cell 

Total 

mac 

TDhmta 

Do* 

Aclhrity 

Inlectcq 

celh 


Cmti/mh ptt 100 mU 

uc 

•clWty 

etnetnUa 


nJa. 

A 

min 

nila. 

10 

mia. 

14 

bn. 

Otbof 

10 tnlTi. 

Tohoae 


ermiiit / 







ermntsi 

eU 

ml 

39-307 

90S 

233 

196 

209 

206 

222 

20S (8 day*) 

204 

445 

405 

40-149 

70S 

231 

183 

187 



208 (5 dayi) 

185 

380 

340 

36-196 

1260 

433 

427 

430 

440 


453 (3 days) 

432 

292 

278 

39-144 

U8 

53 

43 

51 

42 

54 

48 (4 day*) 

47 

272 

237 

39-S8 

761 

162 

168 

IS7 

168 

I4S 

148 (3 day*) 

164 

465 

513 

39-194 

113S 

310 

286 

289 

302 



292 

389 


39-193 

491 

98 

87 

88 

78 



84 



39 299 

558 


334 

386 


311 


360 

155 

180 

40-183 

865 




187 

198 



460 

440 

39-196 

16S0 




398 

410 



420 

410 

4-E 

1630 




537 

480 



315 

350 

Avermgo 

355 

350 


* Scale of four Geiger counter 


occur if any considerable proportion of the total volume of crjrthrocytes were 
immobilised m splenic smusoids or elsewhere m the body 

DISCUSSION 

Our results mdicate that the total erythrocyte volume as determmed by 
direct procedures is 10 to 40 per cent less than the volumes derived by the 
plasma jugular hematoent method The total blood volume can be ascer 
tamed by adding the cell volume (determmed b> radioactive tagged erythrocyte 
method) and the plaaroa volume (determmed by dye dilution method) The 
average hematocrit value for the entire contents of the vascular system can 
then be determined by dividmg the directly determmed cell volume by the 
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total blood \olume This a\cragc hcmatocnt is imariabU ^considcrabl} 
(about 20 per cent) loner than that of the large \essels To compensate for 
the rclatueU greater number of cells present in the large \essels, the cell- 
plasma ratio in the small aessels must, therefore, be c\en less than that of the 
aaerage The theoretical explanation for this finding has been presented 
abo\e in the discussion of the penpheral plasma films 
No significant fraction of the era throca tc a olumc can be immobilized in the 
spleen, liaer, or other regions, since tlie a olumc of cells in rapid circulation 
(as indicated b> the aalues for crathroca'te aolume determined after only 2 
or 4 minutes muaing of injected, radioactia e tagged cells) is praclicallj identical 
i\ith the total aolume of cry throcates (indicated by the aolume found after 24 
hour, or longer, penods of mmng) It is improbable that such complete 
mLxing could occur so rapidly if many cells were immobilized, and it appears 
that practically all red blood cells in the dog are in actia e circulation Similar 
conclusions haae recently been drawn ba Ebert and Stead (1) 

Since there is no c\ idcnce that anv considerable fraction of the cry throcy tc 
a olumc IS immobilized, it maa be concluded that all the red blood cells of the 
dog are in actia c circulation and that the circulating erythrocyte volume is 
practically identical aaath the total erythrocyte volume Since the cell-plasma 
ratio of the rapidly flow mg axial streams in a anous vessels is fairly constant, 
the jugular hcmatocnt may be assumed to be rcprcscntatia c of this ratio for 
the rapidly circulating (“aaial stream”) blood, and the actual rapidly circulating 
blood volun e maa be calculated ba dia iding the cell a olumc (as determined 
aaith the donor cell method) ba the jugular hcmatocnt The rapidly circulat- 
ing blood aolume as determined in this manner is considerably lower than the 
total blood aolume ascertained ba the addition of the cell aolume (directly 
determined ba the isotope dilution method) and the plasma aolume (from the 
dac procedure) Tables W and V summarize these differences 
The amount of plasma in rapid circulation (“rapidly circulating plasma 
aolume”) can be calculated from these aalues by subtracting the determined 
cell aolume from the calculated rapidly cmculating blood aolume In similar 
fashion, if the aalue for plasma aolume as determmed by the dye method is 
accepted as rcprcscntatia e of the total plasma aolume, the difference between 
this axiluc and “the rapidly circulating plasma aolume” is a measure of the 
fraction of the plasma in relatia ely sluggish circulation This fraction amounts 
to 6 to 37 per cent in the senes of animals listed in Tables I\' and V 
The prcaiously described laws of hy drodamamics apply to the passage of 
daes between the a anous fluid laaers of the circulatmg blood as well as to the 
mixing of crvthrocytcs The passage of dyes from the central turbulent 
stream into the penpheral films occurs only by the slow process of diffusion 
Since we haae demonstrated that these penpheral films may constitute a a era 
considerable proportion (21 per cent) of the total amount of plasma, appreciable 
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The Partition ef Plasma in the Vascalar Sytitm hy Radio Iron 
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uc 

rebtmt 

Blood 
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21 3 

155 


575 

645 

70 


40-183 

13 S 

48 0 

460 

960 


585 

85 


39-196 

15 1 

38 2 

420 


680 

615 

-35 


4-E 

16 0 

39 4 

315 


485 

725 

240 



15 6 

49 0 


815 

415 

700 

285 


3-A 


37 5 

115 


190 


45 


4-A 


36 9 

US 


195 

285 

90 

32 

5-A 

6 2 

38 0 

125 

330 


295 

90 

31 

37 186 

6 4 

37 4 

130 


220 

285 

65 

23 

38-320 

14 9 

23 5 

160 

680 

520 



32 

40-167 

14 5 

51 3 

495 

1160 

665 

680 

15 

2 

39-161 

8 3 


285 

585 


320 


6 

36-196 


39 0 

290 

745 

455 

565 

110 

19 


TABLE V 


PartUlon ef Platma in Uio Vasonlar Sjttem at Venous Bmatoerit Ltsds 


Dog 

i Wdfht 

TT<»rir«Ja- 

erlt 

nc 

rotnnM 

det^ 

Blood : 

TnliHito 1 

drenlatinc' 

FliBBI 

TOlOBM 

drtaUtlBc 

Flums 

ToknN 

bydyt 

Plusa 

rolatae 

dlSertac* 

Toul 

pl»TW« 

to] OHM 
lo llov 
drcolatlon 


*r 


ml 

mL 

ml 

ml 

a«A 

ftrcmi 

40-183 

, 13 5 

S3 2 

525 

985 

460 

580 

1^ 

20 



48 0 

460 

960 

500 

585 

85 

15 



29 9 

212 

710 

498 

745 

247 

33 



27 8 

202 

725 

513 

700 

175 

25 

39-196 

IS 1 

38 2 

420 

1100 

680 

645 

-35 




36 5 

345 

945 

600 

640 

40 

6 



27 0 

215 

795 

580 

820 

240 

29 



26 9 

235 

875 

640 

820 

180 

22 



23 8 

200 

840 

640 

700 

60 

9 

4-E 

16 0 

39 4 

315 

BOO 

485 

725 

240 

33 


1 

27 6 

230 

830 

600 

955 

355 




27 4 

270 

985 

715 

955 

240 

25 



22 6 

205 

905 

700 

815 

US 

14 

39-320 

10 0 

49 2 

260 

530 

270 

370 

100 

27 



25 2 1 

155 

615 

460 

490 

30 

6 

33-137 1 

10 7 1 

48 7 1 

410 

840 

430 

480 

50 

10 
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difference m time of mexing in the axial stream and total fluid max be pre- 
dicted Mso, since dxes are prcsumablx lost from the circulation b\ xanous 
processes, if the time interval between samples is great enough to allow for 
complete diffusion, results obtained bx these methods are likeK to be fal^elx 
high Thcorcticallx , there should be a complex tx’pc of time curxe for the 
concentration of dx e in the blood, since at least three processes are taking place 
^imulLaneouslx 

1 Turbulent mixing of the dxe in the large xcsscls and in the axial stream 
of small X cssels 

2 Diffusion of the dj e into the penpheral sluggishlj mox ing and stationarx 
plasma films 

3 Loss of dxe through remoxal b> the reticulo-cndothelial sx-stem and 
excretion through the biliarx tract 

Conceixablj each of these processes might be demonstrated graphicallx 
if concentration of dxe is plotted against time, proxiding that all or anj two 
did not hax e rates of such a character that the curx es approached similantx 
despite xarxang order of functions Actuallj such differences m the curxes of 
plasma x olume determinations can be demonstrated Inspection of the curx cs 
of xanous investigators using the Exans blue (T-1824) as well as the bnlliant 
xntal red dxe, indicates at least tw o phases of distribution of d> e in the x ascular 
sx-stem, and personal observations indicate that a third max well be present 
Gibson and Exans (3) dixide their curve into two components which they term 
the “mixing phase” and the “disappearance phase ” The intersection of the 
tangents of thc«c curxes is assumed to represent the true mtxing time of the 
dxe in all the plasma, and the point of intersection of the extrapolated tangent 
with the ordinate is claimed to indicate the value for the optical density (a 
function of the true plasma x olume) at the time of dx e injection More careful 
studx of the character of these curxes indicates that three distinct phases max 
be demonstrated Not onix the slopes, but also the shapes of these curxes 
differ, the first two (comprising the mcxing curve) being exponential, while the 
disappearance curve is almost linear 

The two phases of Uie mixing curve arc produced b> the mixing in the axial 
stream, and the diffusion mixing of the penpheral plasma films Careful 
analx'Sis indicates that the latter process ma> frequently extend oxer a time 
much lonccr than that commonly assumed to allow complete mixing Cal- 
culations based on dx e dilutions at penods before complete mixing has occurred 
X leld plasma x olumes w hich are lov In spite of this fact, how ex cr, the plasma 
volumes so determined are still considerablx higher than the rapidly arculatmg 
p'a'ma x olumes 

The rapidlx arculatinc and sluggishly flo xang plasma fractions arc not to be 
coas dered as ‘^paratc entities, inasmuch as there is constant (although slow) 
ntcrchance bet veen them The, do, howexer, greatly influence consideration 
of blood flo ard blood volume 
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BUIOIARY 

1 Application of the pnnaples of hydrodjTiamia to the problem of blood 
flow and blood volume mdicatea that the calculation of blood volume and cell 
volume from the venous hematocnt and plasma volume (as detennmed by the 
dye method) is subject to considerable error 

2 This conclusion is borne out by determinations of total cell volume by 
viviperfusion and with the use of radioactive iron tagged erythrocytes, which 
ha\ c shown the erythroc>"te volume to be only 70 to 75 per cent of the volume 
mdicatcd by the previously mentioned calculations 

3 The average hematocnt of the entire vascular system is considerably lower 
than the hematocnt of the large vessels, and the cell plasma ratio of the smaller 
vessels is still less. 

4 In the dog there are no considerable stores of immobilized erythrocytes, 
and the total erythrocyte volume and orculating erythrocyte volume are 
identical 

5 The "rapidly orculating blood volume” can be detennmed by dividing 
the erythrocyte volume by the venous hematocnt, and is found to be con 
siderably less than the total blood volume. 

6 The concept of the "rapidly circulating plasma volume” is mtroduced, 
and it is found to be approomately 80 per cent of the total plasma volume 

7 The volume of plasma In the penpheral, cell free, slnggishly moving 
plasma plus that contained m small vessels m which no red cells are 
present, is also detennmed and found to be approximately 20 per cent of the 
entire plasma volume 

8 Tlie existence and magmtude of these fractions of the blood plasma 
volume should receive consideration m studies of blood flow and blood volume. 
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PlATB 4 

(Received for pabbcatlon, S^tember 24, 1941) 

Evidence haa accamulated that yoonff mice are rnojc susceptible than older ones 
to many ncurotropic viruses if they arc mocuiated by a penpheral route The most 
significant decline in susceptibility apparently occurs as mice pass 2 weeks of age, 
but there is uncertamty concerning the factors which contribute to this age difference 
Andervont (1) showed that 2 week-old mice were less resistant than adults to btia 
cutaneous moculatioa of herpetic vims into the abdominal skin and TbeHer (2) 
demonstrated the greater sosceptibOity of young mice to the intrapen ton eal mocula 
tion of the virus of yellow fever 

Several eiplanatlons have been advanced to account for the greater susceptibility 
of yoaog mice to penpheesUy laocuhted vims Sabin and OStaky (3, 4) suggested 
that the myoneural junction or speaallxcd nerve endings might impede the progress 
of the virus in adult rmce inoculated mtramusculariy with the vims of vesicular 
stomatitis To ciplam the difference In susceptibihty when the same virus was 
introduced by the olfactory route they offered the explanation that a central barrier 
preventmg the passage of the virus existed m adult mice be t we en the primary olfactory 
centers of the telencephalon and the remainder of the brain Ring (5), studymg 
Eastern equme encephalomyelitis, believed it probable that the increased resistance 
of older mice to penpheral inoculation could be explained by a change in the brain 
tissue itself such as might be brought about by mcreased cell matunty, — myellnatkm, 
change m water content, and In reaction to specific and non-specific Injury Foflowing 
intramuscular inoculation of the virus of Western equme encephalomyelitis Sabin 
and Obtsky (6 7) observed in mice 2 weeks of age, a high inadence of symptoms of 
cncephabtfa with lesions mdicative of invasion along the olfactory or other pathways 
without evidence of either hemato-encephabtlc spread or progression by way 

of the local nerves On the other hand a high mddence of symptoms attributable 
to ffscer iHtn g infection was observed in mice 3 weeks of age. At one month of age 
and beyond, many mice were entirely resistant following intramosciUar moailation 

• Aided by giants from the St. Lours Encephalitis Committee and from the John 
end Mary R. Markle Fonndation- 
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Thc> attnbutcd the diflcrcncc between the first tv\o groups to the greater pcrmeabihtj 
of certain blood ^ easels of the j oung animal for the \nrus, and the difTcrcnce between 
the latter tv.o groups to changes in the mucclc or cpccialized ner\e endings 

\ difference in in\asi\c capaatj between fresh and fixed Mru'es, emphasmed bj 
the studies of King (5) and Casals (S), maj aho pla> a r61e in determining the greater 
su'ccptibihu of > oung anunals Other factors of possible significance in this respect 
arc the abiliU of a \nrus to multipK in the blood (Hurst (9) , equine encephalom> elitis, 
monkea , and guinea pig) or other tissues of the bod\ , and the rate at w hich antibodies 
are produced (Morgan (10) , Eastern equine cncephalomj cliUs, mice) at different ages 

The influence of age on the susccptibilitj of mice moculated intrapcntoneall} 
w ith the \nrus of St Louis encephalitis has been detennmed m the present m- 
\ estigation The explanation for the difference m susccptibilitj betw een j oung 
and old animals has been sought m a study of the distnbution of lesions in mice 
between 2 and 8 weeks of age killed at intenals follow mg intrapentoncal inocu- 
lation The distribution of the lesions has been compared with that which 
followed intranasal inoculation m adult mice Special attention has been 
directed to two possibilities (1) that cxndence of a direct hematogenous in- 
•vasion of the C N S might be found in } oung mice, (2) that young mice inocu- 
lated intrapcntoneall}, in contrast to older mice, might show a distnbution 
of lesions coinciding with that found when the olfactory route of inoculation 
was used 


Material and Methods 

The Hubbard Strain of St Louis cnccphahtis Mrus, isolated in 1937, was used in 
this «tud> \t present the Mrus has a constant infective titer as great as 10~'^ when 
measured b> intracerebral inoculation of mice 2 months of age On some occasions 
the infective titer so measured reaches 10"* WTien these experiments were begun, 
the virus had been earned through approximatclv 100 successive passages in the 
mou'^e brain The matenal for injection was prepared in a uniform manner for all 
expenments Brains removed from mice in the convulsive stages of encephalitis 
were Icpt in the freezing unit of the refngcrator ( — 15° to — 20°C ) for 1 to 2 da>s 
Beams, shown to be bactenologicallv stenle, were ground without abrasive and sus- 
pended in suffiacnt nutnenl broth (pH 7 4) to make a 10 per cent suspension 
Following ccntnfugation at 200 ppm for 2 minutes the supernatant fluid was drawn 
off and used to make further tenfold dilutions in nutrient broth For a given route 
of inoculation the same quantity of fluid inoculum was u=ed irrespective of the size 
of the mouse 

For the susccptibihtv studies, groups of mice of different ages were usuallj inocu 
latcd n the same expenment When this was not possible because of the difficult} 
of hav ing on hand a suffiacnt number of mice of all the required ages, the titer of the 
varus was confirmed bv the intracerebral inoculation of mice approximatelv 2 months 
of age Svn's mice obtained from a single source were used vnth the following 
exception Part of the mice in the 2 weeks age group v ere \ hitc mice of the ‘‘Old 
Buffalo strain However, the latter strain and the Swiss mice which v c have used 
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have shoTvii the same degree of susceptibihty to the virus of St Louis encephalitis 
when iooculated intra cerebrally 

For the anatomical studies the virus was instilled intranasally and inoculated mtia 
peiitoncally Usually the mice of a single eipcrunent were killed at spaced mtervals 
precedmg the time at which it might be expected that clinical signs of the disease 
would develop Several mice of each group were kept until symptoms bad appeared. 
The brains were fixed in a mixture of aqueous corrosive sublimate and absolute alcohol, 
embedded in paraffin, and sectioned serially in a frontal plane at 20 Every third 
shde of each scries was stained with crc^l violet, the manmy TTi distance separating 
stained ahdes being 0 4 mm With few exceptions r^resentadve levels of the ^mal 
cords were cut m all mice of the senes Inoculated btmpcritoneally Other cords 
were preserved and cut when it appeared desirable. 

164 brains were obtained, 25 from mice 6 to 8 weeks of age mstiUed intranasally 
with ICH or 10^ dilution of virus and 139 from mice 2 to 8 weeks of age inoculated 
Intrapentoneally with and higher dilutions of virus 

Suscipfibthly to Intracerebral, Intranasal, and IntraperUoneal InocuJaHon 
of Virus 

Intracerebral Inoculafton — In each of two expenments groups of 4 mice, 3 
weeks, 6 weeks, and 15 months of age were inoculated mtracercbrally with 
0 03 cc of tenfold dDutions of virus m broth In a 3rd experiment 2 groups 
of mice 8 weeks and 10 months of age were inoculated with corresponding dilu 
tions of vims Finally two groups of mice, 2 weeks and 3 months of age, were 
inoculated in a similar maimer As shown m Table I, mice of all ages were 
uniformly infected when they received 10"^ dilution of virus mtraccrebrally 
When the titer of the virus reached 10^ approximately the same number of the 
mice died m all groups 

Iniranasal Inocidaiton — Groups of 8 mice, 3 weeks, 6 weeks, and 15 weeks 
of age were moculatcd mtranasally with 0 03 cc of dilutions of vuus in broth. 
Again no difference m the response of the various age groups could be dis- 
tinguished (Table n) At all ages at least a part of the mice died following 
mtranasal instfllation of the 10^ dilutiem of the virus while only an occasional 
mouse in any age group showed evidence of infection following instillation of 
the 10^ dilution The same results were obtained in other experiments using 
these three age groups, and also m one experiment m which a group of mice 
10 months of age was used 

IntrapenUmeal Inoculation — In contrast to the intracerebral and intranasal 
routes, the age of the mice influenced the results when the virus was inoculated 
intrapenton^y, (Table m) Tenfold dilutions of the virus m broth were 
mjected in 0.25 cc amounts by this route When groups of mice 3, 6, and 15 
weeks of age were used, most of the mice m the oldest age group remamed well 
foUowmg the inoculation of a 10"^ diluUon of the virus Of mice 6 weeks of 
age, a slightly greater number succumbed to this amount of virus but only an 
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occisioruil mouse died folIoi\Tng the inoculation of the 10~- dilution On the 
other hand all mice 3 weeks of age succumbed when inoculated intraperitoneallj 

T.VBLE I 


Susce^tihlih of iftcc of Diferort Ages to the I trus of St Louis Encephalitis Inoculated 

Irtrjcercbrclly 


Art of mcc 

DHutioai of Mfus 

i(r* 

lO-T 

?r« 


(i)‘ 

5f 5 

5 

4 

4 

5 

5 

4 

4 5 

5 


(1) 

4 5 

6 

4 

4 

4 

5 

4 

5 5 

S 


4 

4 4 

5 

4 

4 

5 

5 

4 

4 5 

5 

3 wks. 

4 

4 4 

5 

4 

5 

5 

5 

5 

S5 S 

S 

6 wks 

4 

5 5 

6 

4 

5 

5 

6 

5 

S S 

S 

IS wfcs 

0) 

(1) 4 

S 

5 

5 

5 

6 

5 

5 S 

S 

8 wks 




5 

5 

6 


7 

s s 


10 mos 




5 

6 

6 

6 6 9 

9 

12 18 

S S S 

14 daj-s 

- 


_ 

4 

4 

5 

S 

4 

4 6 

S 

8 wks. 

4 

4 5 

5 

5 

5 

5 

5 

5 

6 S 

s 


• ( ) = death from unknown cause 
} Numbers refer to da> of death follorang inoculation 
§ S •» sunuml of mouse. 


TABLE n 


Suscepti'nlily of Mice of Differert Ages to the I trus of St Louis Encephalitis Inoculated 

Irtranasally 


Kee ol nice 


3 rvks 
6 vrks 
15 wts. 

3 Tvts. 
(i wks 
15 wks 

3 wks 
6 wks. 
15 wks 

10 iros. 


Dilutions of sinii 


ICM j 

1 Itl-* 

10-^ 

5 

6 

7 

s 




5 6 

6 

6 





s 

s 

s 

s 

5 

5 

6 

7 




6 7 

S 






s 

s 

s 

s 

5 

6 

6 

7 




6 6 

6 

7 





7 

s 

s 

s 

6 

6 

7 

7 

7 

7 9 

s 

(2) 6 

7 

8 

8 

10 

s 

s 

— 




5 

6 

6 

6 

7 

9 10 

10 

7 S 

S 

S 

S 

s 



— 




5 

6 

4 

S 

10 

S S 

s 1 

7 7 

7 

9 

9 

9 

s 

s 

1 




6 

6 

7 

7 




6 S 

S 

S 





s 

s 

s 

s 

6 

6 

6 

4 




6 6 

7 

s 





8 

s 

s 

s 

6 

6 

7 

S 




6 7 

7 

s 





7 

s 

s 

s 

6 

6 

7 

4 

7 

/ 


] 

1 7 7 

8 

8 

S 

s 


1 

1 

7 

s 

s 

s s s 


with dPutioos of 10~* and 10"* of the \orus, and an occasional mouse recen mg 
either the 10“’ or lO”* dOution died In companson \ ith the mice 3 wcel.s 
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of age, those 2 weeVs of age were much more susceptible to the vmis when it 
was moculated intiapentoneally, succumbmg to dilutions of the virus as 
great as ICH 

In summary these results mdicate that no significant age difference in sus- 
ceptibihty is apparent m mice moculated mtracerebiaHy or mtranasaUy, 
whereas mice inoculated mtrapentoneally show mcreasing resistance with age, 
the most striking difference appeanng between the 2nd and the 3rd week 


TABLE in 

SajctpiUSUy qf Iftu ef Different Agee h ike IniraperiiimeeJ Inetvlaiien ef tke Virus 
of St Louis Ettcepkaliiis 


A^ol 

1 DOdtlom of vinis 


1 1 

10-* 

Mr* 

Mr* 

10-* 

10-* 

i vb. 

6 vb. 

U vkL 


3 6 6 7 

S 8S8 

S 8S8 

8 15 8 8 

8 6SS 

s s s s 

9 8 S S 




• 







) vks. 

6 vlcL 

IS vks. 1 

WBi 

43336666 

57SSSSSS 

3 868SSSBS 













2 1 
S 

4S S SS 

6 6 S S 

3 6 6 7 6 

SSS8 

6 7 8 8 8 

S 888 

1 8 9 9 S 

8 8 9 9 S 

6 81010 8 

7 8 8 1 

' J 4 It 3 

8 8U S 

Ivts. 



3 6 6 6 


4 4 4 3 3 

1 8 813 S S 

2«k». 

4 4 4 5 6 

7 9 ion 12 

7 1 816 8 



Distribulion of Lessons 

Webster and Fite (11, 12) and Smadel and Moore (13) described the histo- 
logical changes produced by the virus of SL Louis encqiliahtis m mice 
moculated intracerebrally, thev emphasiied the subpial and penvascular 
accumulations of mononuclear cells, foa of microglial proliferation about 
viessels, and beneath the pial m emb rane and necrosis of neurons Webster 
and Qow (14) proved that virus instilled mtranasaUy mvaded the bram by the 
olfactory route. The presence of the virus m the olfectory bulbs was demon 
strable 48 hours before the occurrence of the earhest lesions m that site 

The lesions which we have studied are, for the most part, the penvascular 
accumulations of cells and the mesodermal-ghal response Bodian and Howe 
(15, 16), studymg experimental poliomyehtis m the monkey, demonstrated the 
feasibUity of ntiliimg these lesions to foUow the mvasion of the C N.S by neuro- 
tropic viruses After mtranasal instillahon of the virus of pohomyehtis, 
monkeys killed durmg the preparalytic stage of the disease showed lesions in 
the primary olfactory regions, and m the hypothalamic nuclei, the tegmentum 
of the mid biam and the reticular formation of the hlnd-brain,- — centers con 
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ncctcd \ 1 th the ohacton region b> the olfactotegmental pathna} Certain 
centers not on this pnman preferential pathwaa such as the amagdaloid 
nuclei, paraolfacton and septal areas, panaform cortex, and midlinc and dorso- 
mcdial thalamic nuclei, verc also inaohed In the late parahtic stage this 
pattern of distribution uas not obscured but lesions were also found associated 
anlh the pathv aa betaa ecn the motor cortex and the loa\ er centers In the late 
paralatic stage of the ascending infections, aahich followed inoculations into 
the saatic nerae, peritoneal caanta or spinal cord, the distnbutions of lesions 
aaere similar to tho"^ obseraed following intranasal instillations, but as a rule 
lesions were more abundant in the reticular formation and tegmentum and 
diminished suddenla rostral to the region of Forel’s fields Lesions were 
absent from the olfactora bulbs, most of the other olfactora centers and the 
midline thalamic nuclei 

Becau^ of the small size in the mouse brain references to catoarchitcctonic 
designations of mana well knowai nuclei haae been aaoided where possible and 
the obsenations haae been reported in the conaentionalla used gross desenp- 
tiae terms Howeacr, it has been conaenienl to diaidc the pjaaform cortax 
into retrobulbar, prepaaaform, and penamagdalar regions, and to mention the 
more caudalla situated entorhine region from which the hippocampus rc- 
ceia cs abundant olfactora afferent fibers The site and extent of each of these 
regions is giacn in the ca toarchitectonic atlas of Rose (17) In the present 
studa, the dorsal thalamus has been diaided into anterior, medial, and lateral 
areas The medial area includes the midlinc as well as the medial nuclear 
groups, the lateral area contains the cortical rclaj nuclei The antenor nuclei 
arc not mentioned because the\ appear m rclatnelj few sections Considera- 
tions based on the blood suppU of the thalamus of the rodent (Schlcsmgcr, 18) 
indicate that further subduision is inad\isablc The nuclear configuration of 
the tegmentum of the mid-bram and the reticular gra> of the hind-brain is 
described and illustrated b\ Craigic (19) 

Ir'rcrasal Series — Four groups totalling 35 mice 6 to 8 v ecLs of age rcccncd 10'* 
or 10~* dilution"; of xarus instilled na'all\ The time of appearance of the clinical 
'\Tnptoms % aned among the different groups with no constant relation to the dilution 
of the Mcus cmplo\cd Histo'ogicalb it was found conxcnient to di\idc the senes 
into earh and late stages ba'md upon the extent of inra'^ion of the C N S 

In the earh <;t3ce, Ic'ions were locahrcd pnmanh to the Ixisal olfactorv temtor> 
of the telencephalon and to centers associated wath the olfactotegmental pathwa\ 
leading from that temtor. to the mid- and hindbrains Flee of the 24 brains 
remoee'd before clinical 'igns of dieeasc dc% eloped 'ho-'cd such localized le*;ions, II 
were cntireh ncgati\e,and m the remainder the le<’ons were more v ideh distnbuted 

We’i I'andCb” tl4) ri'cn-ded pen\-a'cular accumulations of l>-mphocj tes m the 
oLacton bjl ' as earh n= thi 3rd da\ following intrana'al instillation of the \irus 
We hgi\c ernfirm'^ this ob creation in one brain that vas othen I'c negative In 4 
o‘h-' bra obtai-ed from ar-inab lalle-d upon the 4th and Sth da>-s following 



J L, O’LEAKY, M 0 surm, and H R 


239 


Inoculation there was more extensive mvanon of the CN^ Accumulatons of r#ll< 
were promment about many vessels In the olfactor> bulbs, and occasional foci of 
mesodermal ghal proliferation were observed The retrobulbar and prepynform 
regions showed similar lesions The penami'gdalar region was involved to a lesser 
degree, but occasionally shght proliferation of mlcrogha m its plcuform layer was 
also foimd At this time lesions also appeared m the tubercula olfactona septa, and 
^’ent^a] parts of the caudate nudei TTic latter appeared to have been invaded from 
the tubercula olfactona and pjTiform temtory Lesions were observed m the preoptlc 
areas m all of these brains but m 2 of the 4 none were encountered candal to 
level In the other 2 brains lesions were also observed m the hypothalamus, the 
medial areas of the dorsal thalamus, tegmentum of the mid brain and the dorsal 
part of the reticular gra> at the rostral end of the hind brain In addition there was 
usuall> a shght Involvement of the frontopolar frontal mterhemisphenc, and temporal 
parts of the cortex which closely adjoin the basal olfactory territory 

An outstanding feature of the early stage was the constancy with which the lesions 
upon one side were more severe and abundant than upon the other This difference 
was most obvious In the pyTiform temtoncs and tubercula olfactona but also ap- 
peared m the caudate nuclei, dorsal thalamus and tegmentum Differences between 
the two sides of the brain were also encountered in the intrapentoncal senes other 
wise this result could be attnbuted to the amount of virus which entered one nostril 
as compared with that entering the other 

The lesions in the late stage were no longer confined to the primary olfactory 
centers and Chose associated with Che pathway leading to the tegmentum and reticular 
formation This more widespread distribution charactenacd the brains obtained 
from animals killed at the onset of chnical signs but was also observed in some of the 
bams obtsined in the precImicaJ perjod Jh the pynSoTTL tesntory (Figs J and 2) 
and tubercula olfactona the mesodermal-glial response was always more severe than 
that observed during the early stage this response m the pleiiform layer of the 
pyriform cortex usually dlmlmshed m mtensfty from the retrobulbar toward the ento- 
rhine region In 2 specimens of the late stage widespread necrosis of nerve cells 
had occurred throughout the pynform tcmtoiy (Fig 3) but this was not accompanied 
by an unusually severe mcsodermal-^ial reaction Lesions were also abundant else- 
where m the fore-brain although parts of the neocortex or one hippocampus some- 
times escaped involvement Lesions of the mid-brain occurred in the central gray 
and tectum as well as in the tegmentum Lesions of the hind brain were cither 
localixed to the dorsal part of the reticular gray as observed m specimens in the early 
stage, or were scattered throughout the reticular formation to the caudal end of the 
mednlla. 

SuTrtmary — ^FoUowing rntranasal instillation an early stage of distribution 
of lesions can be recognized in which the primary olfactory centers and those 
associated with the olfactotegmental pathway arc prmapally mvolved 

Ir^rapertiontal Senes — Groups of mice of different ages (2, 3 4 and 6 to 8 weeks) 
were Inoculated intiapcntoneally with different concentrations of virus (Table IV) 
and usually in groups of 3, at half day mtcrvals from 2 days foDowing Inocula 

faon until chnical signs of disease appeared. Significant enough differences in distn 
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butions of lesions did not. appear betueen the brains of the 3, 4, and 6 to 8 \\cck age 
groups to r\-arrant separate presentation Therefore thc\ arc reported as a unit 
foUoiNcd b\ the findings m 2-rveck-old mice 

■\II brains and spinal cords of mice in the 3 to 8 i\cck age group Mere negative 
until 3 da\s after inoculation WTicn 10*’ dilution of \irus ms used, a limited 
distnbution of lesions vas found in at least 1 of each group of 3 brains obtained at 
that time, at intermediate penods (3’. to 5 daj’s) an increasing number of brains 
contained lesions, and at 5 to 6 da\s a majontj of them With lO"- and higher 
dilutions of aams a large majontj of the brams including all those obsened at the 
3 da\ penod rverc negatia e Lesions did not appear until later and, compared wath 
correspondmg penods aherc 10" * dilution of \arus rvas used, the distnbution of 
lesions was frcqucntl> quite limited 

In 2 specimens of the 3 to 8 neeks age group con\incing caadcnce was obtained 
that ascendmg in\-asion of the C N S occurs after intrapentoneal inocubtion Lc- 
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sions were found in the spinal cord and scattered through the reticular formation of 
the medulla In one brain, the lesions disappeared in the hind-bram at the level of 
the nucleus of the \'TIth ncr\c, m the other, the tegmentum of the mid-brain was 
also iniohcd and a group of lesions appeared in one lateral thalamic area and in 
the corresponding panctotcmporal area of the ncocortex The lesions in the lateral 
thalamic area also extended toward the parafasacular nucleus which is situated in 
the medial thalamic area 

The majonU of infected brains obtained at carl> and intermediate penods (I0"‘ 
dilution of Mrus) showed le=ions which \ ere scattered and mild in the p>nform tem- 
tonc', absent or \cr\ slight in the entorhinc regions, hippocampi, and olfactor> bulbs 
The spinal cords rere not in\anabl 3 in\ohcd but lesions always appeared in the 
reticular formation at the caudal end of the hind brain Rostralh in the hind brain, 
thes wem u'ualh confined to the dorsal reticular graj Lesions appeared in the 
tegmentum, central graj, and frequcntl> in the tectum of the mid brain and in the 
lateral and mctlial areas of the dorsal thabmus The he-pothabmus, prcoptic areas 
(Fig 5), and tubcrcub olfactona e ere also ineoKcd In the bttcr region lesions 
wca sometime' severe in contrast to the mild lesions usualh observed in the p>Tiform 
te'nto''es \ \-arable part of the neocortei was frequcntlv involved 
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In other specimens obtamed at the late periods, the spinal cords were always 
involved and the pynform territories frequently showed extensive mesodermal-gUal 
proliferation as well as penvascular accomulations of lymphocytes Two of these 
brains showed widespread necrosis of nerve cells in the pynfonn, pcriamygdalar and 
entorhine regions of one side. Lesions always appeared m the hippocampi, entorhine 
regions, and olfactory bulbs, and in the plcxifonn layer of the bulbs ertensive pro- 
liferation of mesodermal glia has been observed 

Finally in another small but significant group of brains belonging to the 3 to 8 
weeks age group, and not restneted to the younger of these mice, the distnbutlon of 
lesions Indicated that invasion had occurred by the olfactory route The lesions m 
these brains were more advanced and abundant in the olfactory bulbs (Fig 4) and 
pynform tern tones as compared with those observed further caudally the spinal cords 
were almost always negative. 

An isolated cluster of lesions widely separated from an obvious portal of entry 
occurred In only one bmm (4-week'Old, 10~* dilution of virus, 4th day) This was 
observed m the mtenor of the cerebcUum 

In 2 week-old mice receiving a lCh‘ dilution of virus, lesions were distnbuted 
throughout the CN.S osearly as2Hd®y*i<>llowingmoculat2on It was impossible 
to dlstmguish the portal of entry but the distnbution of the lesions did not differ 
from those observed in older mice m the late stage in such a way as to suggest that 
the virus had mvolved the CN S by the hematogenous route. Using dilution 
of virus the lesions did not appear until 3 days following moculation but likewise 
mvolved the entire C N.S although they appeared more scattered than when the 
lO”' dilution of virus was used. Usmg still higher dilutions of virus the first appear 
ance of lesions was retarded and a limited distribution similar to that obtamed m the 
mice of the 3 to 8 weeks age group was obtamed One mouse lulled on the 7th day 
following inoculation with a 10^ dilution of virus showed a limited distribution of 
lesions mdicating that the vims had entered the brain by the olfactory portal In 
another mouse which showed a fiacad paralysis upon the 7th day (1(H dilution of 
virus), a typical ascending distnbution of lesions occurred m which the fore brain 
was completely negatrve- 

Summary — ^The results m oU age groups indicate that the entire CJ^,S 
may be mvaded by a virus which reaches it through the spmal cord and that 
this method of mvasion probably occurs m the majority of imee moculated 
mtrapentcmeally However, a small but significant number of ammals, ir 
respective of age, give decisive evidence of invasion of the CN.S by the ol 
factory route Limited distributions of lesions do not occur m mice 2 weeks 
of age following mtraperitoneal inoculation of 10“^ or 10“* dilutions of virus, 
nevertheless they do occur when the virus is moculated m higher dilations 

DISCUSSION AND BUIQIARY 

The greatest change m the susceptibility of mice to the virus of St Louis 
encephahtis moculated mtrapentoneally occurs between the 2nd and 3rd 
weeks of life To mvestigate the mechanism of the influence of age on sus- 
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ccptibilit}, mice of difTcrcnt ages (2, 3, 4, and 6 to S weeks) were killed at 
intervals followang intrapentoncal inoculation and the distribution of the 
lesions in the C N S was compared writh that which resulted from infections 
Ma the nasal portal in mice 6 to S weeks of age 
Follow mg intranasal instillation of the Mrus, lesions first appeared in the 
olfactora bulbs and advanced through the pvTiform areas and the other fore- 
brain olfactorj centers Before the cntorhine region and hippocampus were 
involved, lesions had alreadv appeared in centers assoaated directlj or in- 
direct!} with the olfactotcgmental tract The remainder of the CNS was 
more or less cxtensivclv involved in mice showing clinical signs of the disease 

In mice 2 weeks of age inoculated mtrapicritoneall} with 10~* dilution of 
V irus, lesions appeared throughout the C X S as carl} as 2J/^ da}'S subsequent 
to inoculation, the virus spread so rapidl} that the portal of entr}" could not 
be detected The majont} of the mice of the same age rccciv mg 10~- to 10~‘ 
dilutions of varus and of the older mice rcceiv mg 10~* dilution of v irus showed 
intermediate stages m the progression of lesions through the C N S In the 
latter group this pointed to an ascending involvement m which the virus 
reached the forc-brain olfactor} centers m retrograde fashion, the preoptic 
areas and tubercula olfactona were extensively involved before the p}Ti- 
form areas and olfactorv bulbs In another small but significant group of 
intrapentoncallv inoculated mice representing all ages, lesions of restneted 
distribution occurred in tlic C S which appeared m all respects identical 
with those which followed infection b} the nasal route 

The significant diflcrcncc in the susccptibilit} to infection between mice 
2 V ecks of age mocuhted intrapcritoncall} and those 3 weeks of age or older 
inoculated b} the same route is not rcadil} explained b} changes m the per- 
mcabilil} of capilhncs to the virus It has been pomted out that in the 2- 
wccl-old mice (10"‘ dilution of virus) the whole CNS was involved as carlv 
a^ 23 ^ davs following intrapentoncal inoculation However, the distnbution 
of lesions did not differ matcriall} from those observed when the CNS was 
complctelv mv olv ed in older mice killed at longer penods follow mg inoculation 
Therefore, the conclusion cannot be drawn that varus reaches the CNS of 
the 2-vcck-old mice directlv through the blood steam while it reaches that of 
the mice 3 weeks of age and older b} axonal pathwa}s leading from the portal 
of entrv Our data stronglv support the v icv that contamination of the nasal 
mucous membrane and subsequent invasion of the CNS b} the olfactor} 
route occurs not uncommonlv m mice inoculated b} pcnphcral routes (Sabin 
and Olitsl}, 3), but we liavc ob'^erved no age difference m this respect for the 
virus of St Louis encephalitis 

The C N S of the mou'e dunng the first 2 weeks of life is still undergoing 
rap d change^ leading to a complete neuronal and glial differentiation In a 
critical discussion of the tcctogenetic pnnaple of cortical dcvelopmentLorcnte 
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de N6 (20) has presented evqdcnce concerning the stage of development at 
tamed b> the entorhme cortex at mtervals preceding and after birth He ob- 
served that the migration of glial cells from the ependymal layer through the 
cortical plate began shortly before and was not finished imtil several daj's after 
birth, at 5 days glial cells had already entered the cortex and presented avery 
mature form, but other cells of the ependymal layer were still commencing their 
migration Other evidence demonstrated that different kinds of neuronea m 
the entorhme cortex could be recogmred m their embryonic form at 12 hours 
subsequent to birth, at 5 days differentiation was more advanced m the deeper 
cortical layers but was still mcompletc throughout Definite information was 
not given concemmg the age at which the glial and neuronal elements of the 
whole cortex become completely developed, but presumably it is considerably 
later than 5 days 

Therefore, the hypothesis that the mature C is a less favorable sub- 
strate for the growth of ncurotropic viruses than the immature one must be 
considered as a possible explanation for the greater susceptbihty of 2 week-old 
mice to vinifl moculated mtrapentoncally Reviewing the results obtained 
foDowmg mliapcntoneal moculation with the dilution of mtus it is ap- 
parent that only in imee 2 weeks of age did the virus spread so rapidly through 
the that lesions could be detected everywhere as early as 2}^ days sub- 

sequent to inoculation In certain mia of the 6 to 8 weeks age group a re- 
stricted distribution of lesions was encountered at 3 and 3^ days, but it was 
not until later that the became completely involved Also favonngthe 
point of view that tissue of the nervous system may vary m its ability to sup- 
port the growth of the virus is the fact that certam centers such as the entorhine 
regions, hippocampi, and neocortex may escape involvement m the mice 3 to 8 
weeks of age killed at the early periods following moculation 

On the other hand, the results obtained with the higher dilutions of virus 
(KM and KM) m 2 week-old mice indicate that whatever difference may exist 
between the resistance of the immature and the mature nervous substrate must 
be only relative Protracted incubation periods can occur and quite restneted 
distributions of lesions remam as late os 7 to 9 days following the inoculation of 
omnll amounts of virus This observation, considered with the equal suscepti 
bfiity of young and old mice to virus inoculated intracerebrally or instilled mtra- 
nasally it seem unlikely that the greater susccptibflity of young mice to 

virus moculated mtraperitoneally depends upon the immatunty of the tissue 
of the CJ7S 

All the observations pomt to the importance of the amount of virus reaching 
the following intrapentoneal moculation A possible explanation of 

the difference m susceptibility, as well as the early appearance of widespread 
lesions m the young ftnrmal receiving large amoimts of virus, is that a greater 
amount of the virua moculated mtrapentoncally survives In the young animal 
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and reaches accessible portals of the C X S The data arc consistant ith this 
explanation, as is the recent stud> of Morgan (21), who drew a parallel between 
the resistance of a oung a acanated and adult normal mice to penphcral inocula- 
tion of the actiae aims of Eastern equine enccphalomaclitis The analoga 
drawn betwreen a oung aaccinatcd mice and adults was based on the observa- 
tion that, although susceptible to aims giacn ba the intracerebral route, the 
a oung aaccinatcd anunals, ba the 4th daj after the beginning of aaccinalion, 
resisted large doses of aims given ba the intrapcntoncal route These results 
linked with the demonstration of the more rapid immune response of older 
animals to the aams of Eastern cqume enccphalomaclitis, as judged ba the 
appearance of demonstrable neutralizing antiboda (10), appear to offer an 
explanation for the greater resistance of older mice to the pcnplieral inoculation 
of actia c a ims of Eastern equine encephalomyelitis 
The failure of some investigators (22) to demonstrate neutralizing antibodj 
in the semm of mice immunized ba the subcutaneous inoculation of active 
aims of St Louis encephalitis until scv’cral weeks following the immunizing 
inoculation might seem to weaken the evidence for the immune response being 
involved in the resistance of mice to the penphcral inoculation of the aums of 
St Louis encephalitis However, recent observations b> one of us (23) have 
shown that neutralizing antiboda to the a ims of St Louis encephalitis can be 
demonstrated at least as earla as one week (the earliest interval when tested) 
following the subcutaneous inoculation of mice over 3 weeks of age with ac- 
tive aims 


CONCLUSIONS 

1 Young mice are more susceptible than older mice to the a ims of St Louis 
encephalitis moculatcd intrapentoncall} , but with aims inoculated intra- 
ccrebrallj or intranasalla , there is no signiScant age difference in susceptibilitj 
The greatest change m the resistance to the anms inoculated mtraperitoncall> 
occurs between the 2nd and 3rd weeks of life 

2 The distribution of the lesions of St Louis encephalitis in the C N S of 
a oung and of old animals follow mg intrapcntoncal inoculation indicates that 
the aims maa reach the brain either b> the ascending pathway fromthcspinal 
cord or ba the olfactory pathway irrespective of the age of the animal How- 
ever the ascendmg pathwaa is most frcqucntla concerned 

5 The distnTiution of lesions does not offer eandcnce that the a ims enters 
the C X S of aoung animals dircctl> from the blood stream following intra- 
pentoneal inoculation 

4 Although wadespread lesions occur earlier in the C X S of j oung mice than 
m that of o'der mice inoculated mtrapcntoneall} with large doses of aims, this 
fact IS not satisfactorila explamcd bj assuming the more rapid mcrcasc of the 
aims in the C X S of aoung animals, smcc the latter arenot more susceptible 
to aams moculatcd direclla into the brain 
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5 The observations can be explained by the hypothesis that a greater 
amount of virus survives and reaches the portals of the m young nmmnl. 

foUowmg mtrapentoneal moculation and that this is an important factor in the 
influence of age on susceptibility to the virus 

We are greatly indebted to Mr John EUenhauer who prepared much of the histo- 
logical material 
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EXPLANATION OF PLATE 4 

Figs 1 and 2 Subpial ghal reaction in mice 6 weeks old rccci\nng 10“* dilution of 
Mrus b% nasal instillation From the cortex of the pjTiform lobe P, plcxiform 
la^c^, 5, la\cr of superfiaal pj-ramids X 100 

Fig 3 Same area as represented in preceding figures Illustrates a massne 
necrosis of none cells that followed nasal instillation of \irus in a 6 week-old mouse, 
laj ers of superfiaal (5) and deep p> rarmds ha\ c been dcstroj ed This reaction was 
also obsened in animals infected b\ the picntoncal route X 100 

Fig 4 Olfactorj bulb of a 3 week-old mouse that rcccncd 10" * dilubon of Mrus 
intrapcntoncallj and was killed 3>'{ da>s later Note the accumulation of l>Tnpho- 
c\tes about penetrating %esscls (arrow) No lesions were obsersed in this brain 
caudal to the preoptic area Scattered \ cssels of the spinal cord were surrounded bj 
accumulations of hTTiphocjtes X 250 

Fig 5 \ccumulation of l>'mphocj'tes (arrows) about vessels of the lateral preoptic 
area of a 6-wcek-old mouse that rcccncd 10"' dilution of Mrus b> the peritoneal 
route and was killed 4*4 da\s thereafter X 250 
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The mechanism of the Increased resistance to reinfection m tubercnlosifl 
IS BtiU uncertain It has been demonstrated that badlli of reinfection are 
either destroyed at once (1), if small numbers penetrate the tissues, or fall 
to multiply m the immune animal if large numbers mvade the body (2), whereas 
in the normal individual the bacilli, whether many or few at first grow un 
hindered As to the mechanism of this growth inhibition m the immune 
animal, it may be said that, while antibodies m low titer develop during the 
the course of tuberculosis, there is no evidcDce of specific bactenolysins acting 
snvttro (3) However, f;jww,studie3haveshown thatin thebodyfluidsof the 
immune animal the growth of tubercle badlli is much less than that takmg 
place in the body fluids of normal animals (2, 4) Smee the bacillus multiphes 
not onl> in the tissue fluids but especially withm the cytoplasm of the cells of 
the normal Hmmal (5), the apparent failure of the imeroorgamsm to multiply 
within the phagocytes of the immune animal (6) must be explained 
The mcreased rapidity of the mobilization of mononudear phagocytes at 
the site of mvasfon of the parasite, which characterizes the response of the 
immune as contrasted with that of the normal anunal, has been recently shown 
to be a function of a heightened physiological activity conferred up>on these 
n>llg b> the tuberculous process (7) This results m an increased rate of cell 
division on the part of these phagocytes m response to the microorganism m the 
immune animal Furthermore, this heightened physiological activit> of the 
mononudear ph ag ocytes of the infected animal expresses itself by an mcreased 
phagocytic capaaty for a vanety of particulate substances such as carbon 
partides, staphylococa, and collodion partides Tnberde badUi are also 
more readily phagocyted tn mtro by mononudears denved from actively 
tuberculous animals by those obtained from normal animals This is 
mdependent of the menstruum of normal or immune serum in which they are 
susp^ed and is a property of the cellfl themselves It is noteworthy that 

247 



24S 


ITEOLWISV or IiIMl,NTr\ IN TUBERCULOSIS 


this propcrt\ is not significanth incrcrscd in aninnls \accimtcd with an 
'’\irulent microorganism 

Wicthcr the ob>^ncd failure of bacilli of reinfection to grow within the 
mononuclears of the tissues of the immune animal is also an expression of the 
altered phv siological acti\it\ of these cells is the burden of the present stud\ 
It IS olnious that mere increased phagocxtosis of tubercle bacilli b\ “immune” 
phagoextes is no explanation for the failure of bacilli to grow within them 
There is abundant phagocj tosis of tubercle bacilli b\ the mononuclears of the 
normal animal (S) and it is preciseh w ithin the cj toplasm of normal phagoex tes 
that the bacilli multiplx 

Hanks and Brockenbrough (9) haxe rcccntJx reported that scrum leukocyte 
mixtures from normal, infected, and immunized rabbits fail to show anj 
bactenocidal action on human tubercle bacilli t;i vitro Rich (10) states that 
cells denied from immunized animals that ingest tubercle bacilli while growing 
in tissue culture fail to show a greater inhibitorj effect on the multiplication of 
tubercle baalli v itliin them than cells denied from normal animals similarlj 
cultixatcd 

Thus in vitro methods haxe failed to duplicate the inhibition of growth of 
bacilli that can be rcadilx obserxed to occur m the hung tissues of the rein- 
fected animal Since the bactcnostatic action of the bod> fluids of the immune 
animal cannot be demonstrated tn vitro, but can be shown to occur b> in vivo 
methods, It appeared possible that b> tn vivo methods one might demonstrate 
V hat apjKiars to be the bactcnostatic effect of the cells on the grow th of tubercle 
bacilli in the tissues of the reinfected animal Greene (11), Luckt (12), and 
others haxe rcccntlx used the antenor chamber of the eje of the living animal 
as a culture medium for the grow th of lix ing tumor cells It appeared possible 
that this method might also be applied to the problem on hand 

Ml prcxious studies haxe indicated that, cxen with the highest degree of 
immunitx attainable, the bacilli of reinfection arc rarelj, if exer, complctcl> 
annihilated at least a few bacilli alwaxs remain It is obx lous therefore, that 
quantitative methods must be used in order to ansv cr the question whether 
within the cv toplasm of cells denved from immune animals tubercle bacilli are 
inhibited in their grov th as compared to that tal ing place \ itliin the cx toplasm 
oi phagoextes derived from normal animals 

It appeared desirable at first to test the efiicaev of the iw vivo method for the 
solution of this question under the most advantageous, ratlicr than the most 
crucial conditions 


\(c'1 ods and ^latcriah 

Noiaal a'-d immunized rabbits were given a subcutaneous injection of human or 
boxan. tvpc tubercle baalli 'urjv'ndcd in «alt 'oluuon containing India ink The 
hanph rrvd'^ dminng the sitt. o' injection, bo‘h in the normal and in the immunized 
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animal, Tvcre removed 2 da>'s following the moculatiom Each lymph node was then 
divided into three porhona one was weired, ground, and cultiured, to detennine the 
number of living badlh it contained, on adjacent portion of each node was prepared 
for microscqiic study, the third weighed portion of the lymph nodes, denved from the 
normal and the Immunized animal, respectively, was cut up into fine particles with 
sharp scissors, washed several times m Tyrode solution, and injected Into each an 
tenor chamber of the eyes of a normal, non tuberculous, albino rabbit previously 
treated with novocame The cells denved from the lymph node of the normal animal 
containing the bacilli and the carbon particles that bad been carried to them by the 
lymph flow from the site of Infection were placed in the antenor chamber of one 
e>T The cells derived from the lymph node of the immunired wnlmfll ^th t hei r 
burden of tubercle bacilli and carbon particles originating at the site of reinfection, 
were placed m the same amount, m the antenor chamber of the opposite eye of the 
same albmo host In each Instance the chamber flold was first withdrawn by means 
of a 26 gauge needle, attached to a tuberculin syringe and inserted tangentially in the 
antenor chamber through the limbus of the cornea Leaving the needle in place 
within the chamber, the syringe was removed and another tuberculin synnge con 
taming the desired cell suspension, was attached and the suspension injected into the 
chamber m 0 1 to 0^ cc volumes 

The g rowth of the implanted cells was observed for a penod of 10 to 14 day* At 
the end of this time the rabbit host was IdDed Both eyebaDs were removed and 
fastened with sterile push pins on sterile wooden squares The fluid from each ebam 
ber was withdrawn into a syringe contaimog a suitable amount of 3 per cent sodium 
Citrate or a hepann anticoagulatmg soludotL This fluid, after microscopic rxnmina 
tion, was appropriately dllutedand cultured to determine the number of living tubercle 
bacilli it contamed The cornea was then removed by a circular incision. The 
entire Iris and the ciliary body was then ablated from the underlying lens and vitreous 
humor, together with any growth which was attached to these structures This 
tissue was now divided into three portions one was examined microscopicalJv by 
direct smear, the other was fixed for histological study and the third, constituting the 
major portion of these strectores, was weighed ground, and suspended in suitable 
amounts of fifteenth mi^ar NajHPO^ and cultured to determine the number of 
tubercle bacDH which it contained. 

Identical experiments were done with bone marrow obtamed from normal and 
immumxcd reflectively, that had received intravenously, 2 days previously, 

0 1 to 10 mg of human type tubercle bacilli mixed with India mL 

Foie of Tubercle BacUh Ingested tn Ktto vnifnn Cdls of Normal and 
Immunised Rabbits 

In this test the tubercle bacilli, both human and bovine, had been phagocyted 
tn VIVO by cells of normal and immunized rabbits m the menstruum of their 
own body fluids. These normal and "immune ' cells with their mgested 
tubercle bacilli and carbon particles were washed to remo\'e adhering body 
fluids and transferred mto the environment of the anterior chambers of a 
normal rabbit Smee the rabbit hosts were albinos, no pigment was present m 
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their indcs or ciliar> bodies and the cells implanted in the chambers could be 
identified b\ the carbon particles which thcN contained A correlation was 
made of the grow th of these implanted cells on or m the ins and cihaia bod\ of 
the host rabbit, the bacilli which thc\ contained, as seen in their microscopic 
sections, and the number of tubercle bacilli cultured from an adjacent portion 
of these structures A companson of the number of bacilli contained in the 
hanph nodes or in the bone marrow ongmally implanted m each anterior 
chamber with the number of bacilli cultured from the corresponding chamber 
fluid, the ms and cihan bod\ after 10 to 14 da\s incubation, gaae an estimate 
of the relatiae inhibition or multiplication of the bacilli that had taken place 
in each chamber 

In Table la, arc detailed the exact conditions under which each of 7 sucli 
expenments was done The results obtained from these experiments arc 
recorded in Table lb 

It w ill be noted in Table I b, in Experiments 4 to 7 indusn c, that the number 
of bacilli recoxcred from a unit weight of bone marrow obtained from im- 
munized rabbits that had rcceixcd an intraxcnous injection of 0 1 to 10 mg of 
human t\-pc tubercle bacilli 2 daxs prcxiouslj, was inx-anabl> greater than 
that cultured from the marrow of the normal animal similarlx inoculated with 
the same amounts of the same suspension of tubercle bacilli (columns 2 and 
6) Since the large numbers of bacilli injected haxe not been dcstro>ed in the 
marrow of either animal, the greater numbers cultured from the immunized 
animal max be ascribed to the possibilitj that more bacilli had been remoxed 
bx the bone marroxx of the immunized animal from its circulation than had 
occurred in the normal animal This would be in accord with the prcxiouslx 
demonstrated fact that Uic phagocj tic capacil) of mononuclears of tuberculous 
animals for tubercle baalli is greater than that of normal animals The 
phagocxtosis in the tuberculous animal is here further enhanced oxer that in 
the normal animal bx the immune bodx fluids of the former 

Ten to 14 daxs after incubation of these marrows in the antenor chambers of 
a normal host, the ins and chamber fluid implanted xxith cells denxed from the 
normal animal contained manj more lixing bacilli than the same structures 
implanted with “immune” cells, despite the greater onginal number of bacilli 
contained in the “immune” implants In the three remaining expenments, 
in which Ixmph node tissue of norma! and immunized rabbits, containing cither 
human or highlx xirulcnt box me bacilli drained from subcutaneous foci of 
primara infection and of reinfection, respcctixelx , was incubated in the antenor 
chambers of the same normal host, there xxere again much greater numbers of 
bacilli in the chamber implanted x' ith cells of normal ongin than in tliat 
implanted xath cells oi immune oncm In all of these 7 experiments the mul- 
tiplication of the baalli implanted together xath normal cells \ as from 2 to 10 
times as much as that of baalli impbnted in association x ith cells denxed 
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TABLE I 

Fait aj Tohaclt BacOH Inieritd tn Vte) vUktn Cdls of IformaJ end Inmuniud RaUrils Imploftttd in Uu 
AnUrier Chamhtr of Normd Ammols 
(o) Conditions vnder Wkid Exftrhnenis Wert Performed 


Ex 

peri- 

m»t 

No 

Tuntt Uttcd 

Bo**, m>e, utd rente of 
laocoUtloD o( bacilli 

Mode of ImnwniiratLew ei doftOT of hKentma 
nth Sad Interval, la d*n ^twtra beglBnlas of 
tnatmist aaa tlow U tot 

Bars of 
iaotb* 
UOQ 

bnpkoted 
tfn* la 
aaterfer 
dtxinbeT 

1 

Aiinaiy nodes 

IX) mg, human snb- 
cutaneouily 

0 1 mg human badHi btravenoutly fol 
lowttl 1 IDO later by 0.2 mg and 1 0 mg. 
of the same strab btmvtaneoualy and 
subcutaneously respectively 109 

11 

3 

PopUtetil 

nodes 

4 0 mg bovine, sub- 
cutaneously 

00001 mg virulent bovbc badHi btra 
venously 84 

14 

3 

Popliteal 
nodes , 

4.0 mg-, bovine, sub- 
cuuncoosJy 

00001 mg virulent bovbc bocilli btra 
venoasly 95 

14 

4 

Bone marrow 

2X) mg human btra 
NTnoujly 

Same mode of immunizatbn as b Ezped 
roent 1 • 162 

14 

s 

Bone marrow 

0 1 mg human btra- 
ve&^> 

4 0 mg., fa Oman, subcutaneously 3S 

10 

6 

Done marrow 

0 4 mgr, human intn 
veoooal) 

10 mg, human btrsrenocaly 3S 

1 

14 

7 

Bone marrow 

10 0 mg human b- 
travenoual) 

1 1 0 mg boman badHi btravenouily fol 

1 lowed 4 mol. later by 02 and 1 0 mg of 

1 the some strab Intrarutoneously and 
subculaneoosly respectlvdy 134 

14 


• An additional 1 0 mg bucnaa bacflU given intra\‘encm3ly IS day* before teat 
(S) Residts Obteintd 


Ex 

pert* 

Bust 

No, 

Oriflaal No 
of colosica 
coltmd 

froiB too 

trop iwrnial 

No of colo- 
bIo coltored 
from 100 
ol irti 
lamluUd 
wltb ooimsl 
ceU* 

No of 
coloafo cat* 
taxed froci 
01ec.o( 
dtunber fiold 
impluited 
with DORDSl 
celii 

lUtlo 

frocBirbud 
(roo ecDs 
erixtBslbr 
(mpMoIra 

Ortfiaxl No 
of colo«lts 
collBxcd 
frtas IQO 
nv cvflt 
d^bedfrOT 

No. el 
colcsks coi- 
taxed fxoD 
100 at tiMx 
bnplkBted 
with 

No of 
coloolcf cbI 
tuxed (rtiQ 

0 1 c& of 
dtsxtiber fluid 
boptaoted 
wltb 1m 
moiM caOi 

Ritlo 

befwe« No 
of coloale* 

CBltBr^ 
fnso Iris and 

1 

s 

202 

1 

40 40 

6 

28 

0 

4 66 

2 

5 3<50* 

3 200 

— 

0 60 

5,160* 

1 700 

55 

0 33 

3 

39 000* 

78 700 

67 400 

3 02 

15 000* 

4 300 

7 100 

0 28 

4 

872 

41 800 

2 730 

47 93 

1 118 

14 900 

61 

13 33 

5 

960 

20 

0 

0 02 

1 790 

20 

0 

0 01 

6 

9 470 

8 300 

672 

0 83 

25 740 

1 900 

408 

0 07 

7 

59 800 

66 000 

2 950 

I 10 

91 800 

16 100 

1 450 

0 17 


* Ravenel (bovine) 


from an iramime ammal, both implants growing m identical environment m 
the two chambers of the same normal rabbit host (Compare column 3 with 
7 and 5 with 9 ) 
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Microscopic examination of the ins implanted wath cells of normal animals 
showed aanablc accumulations of intact, large mononuclears growing diffuscK 
or in nodular formation on the surface or in tlic stroma of the ms In the 
catoplasm of these cells, which was often greath dea eloped and composed of 
large aacuolcs, there were found large numbers of long, deeph and uniformU 
stained tubercle bacilli (Fig 1) These were frequenth arranged m the form of 
si eins or packets of parallel rods In the ca toplasm of the same cells aa ere seen 
a anablc amounts of carbon particles in aara ing degrees of dispersion These 
particles as aaell as the bacilli aacre at times found m the form of a circle about 
the centrosphere of the cells The mononuclears aa ere intcrmLxed aa ith a arnblc 
numbers of polamorphonuclcar leukocates in aaranng degree of prescraation 
\t the penphera of these mononuclear groaaths mitotic figures aacre frcquentla 
encountered There aaas a a anablc degree of accumulation of mononuclears 
aaithout carbon particles in the stroma of the ins, apparcntla of host origin, 
wliicli seemed to multipla tn proportion to the multiplication of the bacilli in 
the implanted cells 

Ba contrast, in the opposite ms of the same host, implanted with cells of 
the immunized animal, the multiplication of the implanted cells was much less 
pronounced The carbon particles aaithin the cells were often more numerous 
and less dispersed In these cells the bacilli aacre usuall}, mudi fewer than in 
the ca toplasm of the implanted cells of normal ongin The> aa ere usuallj a era 
short, faintla stained and often beaded (Fig 2) The ca toplasm of the im- 
planted cells was charactcnsticalla fincla aaicuolatcd and, ocaasionallj , tjpical 
mature epithelioid cells aaere seen There was usuallj little polamorphonuclcar 
infiltration of the caplantcd cells The multiplication of the host cells aaas 
usualla slight corresponding with the slight multiplication of the bacilli in the 
implanted “immune” cells 

On the ms implanted avith bone marrow the groaaths frcquentla retained 
their onginal, natural structure aaith preservation of the fat spaces However, 
in thece cxplants the hemopoietic cells and most of the poljmorphonuclcars 
degenerated Onla the reticular cells aaith their burden of carbon particles 
and bacilli remained (Fig 2) In the ms implanted awth lamph node tissue, 
plasma cells aacre encountered, presumabla deriacd from the implanted 
lamphoca tes 

Ba far the greatest number of bacilli seen in the chambers aacre vithin 
carbon-bcanng, intact, liaang cells both in the ins and in the chamber fluid 
Occasionalla free, extracellular bacilli aacre encountered and some bacilli were 
seen in mononuclears not containing carbon Most of the implanted cells 
aahether dtnacd from normal or immunized animals appeared a ell preserved 
and aliae Occasionalla, however, nccrobiotic cell collections v ere seen on 
the surface of the ms implanted with cells of both normal and immunized 
animals 
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It IS dear therefore that, v.hile the badlli cultured from the chamber fluid 
and the ms did not represent solely those contamed within the implanted 
cells, there is no question but that most of the bacilli cultured were contamed 
withm the implanted cells Therefore, it can be said with a reasonable degree 
of certamty that cells of immunized animals, that had ingested tuberde bacilli 
in VIVO and had gro^m m the environment of the chamber fluid of a normal 
rabbit, greatlj inhibited the multiplication of the microorganisms contained 
within them, as shown by comparison with the growth of similar bacilh in 
gested tn ww within cells of normal animals and meubated m the chamber 
fluid of the opposite eye of the same rabbit hosL Whether the inhibitory 
effect of the ‘immune” cells on the growth of badlh present in them is due to 
the properties of these cells themsdves cannot be deaded from this cipen 
ment For it is conceivable that the greater inhibition of bacillary growth in 
these cells as compared with that m normal cells ma> be due to the film of 
immune bod> fluids that had coated the badlli before their ingestion withm the 
“ imm une ’ cells, for the badUi that were contained within the normal cells 
were coated vnth normal body fluids before their phagocytosis. However it is 
plain from this experiment that no renewal of immune bod> fluids is necessary 
for the cells of immunized animals to contmue to inhibit the growth of tuberde 
badlii withm them for 2 weeks after their transfer mto the environment of a 
normal rabbit host 

Pole of Tubercle Bacxlh Ingested tn Vitro vnOnn Cells of Normal and 
Immunised Rabbits 

In order to ascertain the rdle of the cells themselves and that of the immune 
body fluids of the immunized animal m the inhibition of growth of tuberde 
bacilh withm them the mgestion of the microorganism must take place tn 
vitro m the presence of both normal and immune scrum, respecti\ dy It must 
be first determmed whether cells of normal ongm will also mhlbit the growth 
of tuberde badlli withm them if the phagocytosis of the bactena takes place 
m a menstruum of imm une scrum It must next be disdosed whether cells 
of immune ongm will contmue to inhibit the growth of the badlli when the 
latter are ingested m the presence of normal scrum Finally, the rdativc 
inhibitory effect on the growth of tuberde bacilii must be estimated when cells 
of normal and immune ongm both phagocyte the baeflh m a mednim of immune 
serum. In all these three eiperuncnls it would be desirable to grow the cells 
with their ingested bacilli m the same type of body fluid m which the phagocy 
tosis had taken place 

The foUowmg procedure was earned out- Normal or immnmied rabbits reedved 
an mtrapleural m}ection of about 15 cc. of a ateiilc 30 per cent acacia solution (13) 
containing 4-25 per cent sodium chlonde. Two such preparations were employeii, 
Lilly's and Endo's Both are used clinically for mtravenous injection after fivefold 
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dilution T.ith distilled w-atcr The rabbits rcceu cd this raatcnal undiluted Four to 
5 da\-s later the stcnlc exudate was mthdraira from each rabbit in a sj-nnge con 
taming a 'uitablc amount of 0 4 per cent sodium citrate m 0 85 per cent sodium 
chloride (8) Both exudates were now centrifuged simultaneousU at loi\ speed for 
4 to 6 minutes The supernatant fluid was pipetted off and the cells were gentl> 
washed in 30 cc. of the atrated salt solution just mentioned, and again centnfuged 
This washmg was repeated three times in order to rcmo\ e the bod\ fluids in v, hich the 
exudate cells nerc contained The final cell sediment was then suspended in about 
2 cc of the atrated salt solution Total and differential cell counts were made on 
each cell suspension Both cell suspensions were then adjusted bj proper dilution 
so as to contain the same number of mononuclears per cubic millimeter The con 
centration of mononuclears in the \'anous exudates \'aned to some extent Hoi\c\ er, 
in the majonU of instances, it constituted well oxer 75 per cent of the cells The 
polxanorphonuclears and the Ijanphocv tes could not be equabzed 

To 0 5 cc of each cell suspension was added the same xolume of fresh undiluted 
'erum denxed from the heart’s blood of cither the normal or the immunized donor 
of the exudate cells The amount of scrum added to the cells xaincd from 0 3 to 1 0 
cc in the different cxpcnntnts To each of these scrum IcuLocx to mixtures was 
added the same amount of the same suspension of human taTie tubere'e bacilli (P 
15 B) containing India ink. The tubes were stoppered with stenbzed corks coated 
xxath melted paraffine and rotated in the Robertson machine (8) in an incubator for 30 
minutes at 37°C to permit the phagoc> tosis of the tubercle baalli and the carbon 
particles At the end of this time the tubes v ere plunged into icc water to arrest 
phagoex tosis and lightlx centrifuged for 2 to 4 minutes The supernatant fluid was 
remox ed as completely as possible in order to free the cell muxtures from unphago- 
exted baalh present therein The number of hxing unphagocjted tubercle baalli 
present in the supernatant fluid was determined by culture 

To each cell sediment xxas noxx added 0 5 cc of the same fresh normal or immune 
serum onginallx present in each phagoex tic mixture The chamber fluid from one 
ex c was then withdrawn and one portion of the gently but thoroughly stirred cells 
xxrth their proper serum fluid xxas injected into the emptied chamber, as prcxiously 
desenbed The other cell suspension, containing the cell and serum combination to 
xxhich the first xxas to be compared, xvas sirailarlx injected into the opposite empty 
antenor chamber of the same albino rabbit host From the remaining portions of 
each cell mexture smears xxere made on spcaally cleaned slides to determine the degree 
of phagoex tosis of tubercle baalli and carbon particles that had taken place vt utro 
From the same portions of each cell mixture proper dilutions in fifteenth molar 
Na IIPOi were papared and cultured on modified Loxvenstein medium (14) to de 
terminc the number of lixang tubercle baalh present in each cell mixture at the time 
01 implantation into each antenor chamber 

The celL v ere thus incubated in the antenor chambers for 14 to 20 days At the 
end c' this ume the number of baalh prC'Cnt in each chamber fluid and in each ins 
xxas acair determined bx culture as outlined aboxc This xxas correlated xxath micro- 
scop c stud cs the same ti'sucs As in the first expenment the implanted cells 
could be id'^ntificd b\ their contained carbon particle-s A companson of the number 
c' baalli onginallx p-es^nt m the cclL. implanted in each chamber vnth numbers 
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cultured from the corrcaponding chtunber fluid and ins with its growing implanted 
tubercle bacah-bcaring cells after incubation, indicated the fate of the bacflU m the 
Q^oplasm of each cell type. Since the chamber fluid was removed before the im 
plantation of the cells and smee each cell nmtnre thus introduced into e ach chamber 
was suspended in the same fresh scrum m which the tft vUro phagocytosis of the bacilli 
had taken place, it is clear that the implanted rylf< were exposed, for some time at 
least, to the same fluid medium in which the in niro phago<^o5i5 of the baeflh had 
occurred 

Foie of Tuhtrde Bacilli Ingested in Vitro by Cells Dertved front Normal Animals 
in the Prcsenct of Normal and Immune Serum — As stated above, in evaluating 
the rdle of the cells themselves and that of the iramune body fluids in the 
inhibition of growth of tubercle baoUi in the cells of the reinfected onmml, it 
must first be detemuned whether cells of normal ongm will also inhibit the 
growth of the microorganism within them if their phagocytosis and growth 
takes place m a medium of immune serum In Table II5 are presented the 
results of 6 experiments m which the growth of tubercle bacilh mgested by 
normal cells m the presence of normal serum is compared to that of bacilli 
ingested b> the same cells but m a medium of immune scninu The experiments 
were executed as just outimed and the detafled conditions under which these 
experiments were performed are recorded m Table Ilfl 

Column 4 gives the mode of immtmixation of the donors of immune serum. It 
will be noted in columns 5 and 6 that the number of mononuclears per cubic milh 
meter m cadi of the phagocjlic mirtorcs greatly exceeded the numb« of individual 
tubercle badUi estimated to be present in the same volume. Thu estimate was 
based on the weight of badlli suspended m a given volume of the phagocytic mixture 
in cpieation. It was assumed that there were appronmatelv 100,000 000 individual 
bactena in 1 mg of pure culture. 

In the majonty of instances the cell auspcnaions contained more than 85 per cent 
mononudeais There was no constant Incrcnient in the phagocytosis of tuberde 
baalh or carbon partides in vtiro by the normal cells when their ingestion occuiied 
m the presence of immune scrum as compared with that taking place m normal serum 
CThese data ore omitted from the table to save space.) In the majonty of instances 
after phagocytosis fewer tuberde bacilh remained m the supernatant fluid of the 
mixture contanung immune scrum than m that containing normal scrum. The 
difference however was slight and, m all but one instiinre, within the range of error 
of the cipcnmcnL 

In Table II 5, columns 2 and 6, it can be seen that there was no considerable, 
constant difference m the number of Imng badlh present m the cells after 
ingestion of the microorganism in vitro m either serum at the time of their 
respective implantation in each chamber After 14 to 15 days mcubation of 
these normal cells m the chamber of each e>'e of the same rabbit there was no 
constant difference m the relative multiplication of the bacilli withm the 
implanted cells m or on the ina, whether the original mgestion of the micro- 
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organism had tal^en place m a medium of normal or immune serum Thus 
in Experiments 1, 3, and 4 the growth m the cells was 3 to 5 times less in the 
presence of immune than m the presence of normal serum (columns 5 and 9) 
In Experiment 5 the growth was the same m both and, m Experiments 2 and 6, 
the growth m immune serum was 2 to 3 tunes greater than that in normal serum 
(columns 5 and 9) Similar observations were made on the chamber fluid 

Microscopically there was usually little difference in the growth of the im 
planted cells and their contained baoUi m either ms Their character 
essentially the same as that described above for the growth of transplanted 
normal bone marrow or lymph node tissue that had mgested tubercle bacilli 
and carbon particles tn mto In addition there was found m both chambers 
a fibrmouB matrix attached to the tns m the meshes of which mononuclears 
beanng carbon and tubercle bacilli were present m diffuse or nodular growths 
mtermixed with variable numbers of polymorphonuclears Irrespective of 
whether the cells had onginaU> mgested the baeflh m a menstruum of normal 
or immune serum, there was usuallj little difference in the number, sife, 
shape, or staining characteristics of the bacQli within the implanted growing 
cells In some instances, howe\ er, the number of bacilb visible within the cells 
that had mgested the microorganism m the presence of immune serum was 
less (Figs 3 and 4) 

It is clear that immune serum did not impart a constant inhibitory effect 
on the growth of tubercle bacilli withm normal mononuclears when the in 
gesuon of the miaoorganism took place in immune serum The presence, for 
some indeterminate time of immune scrum in the medium of growth of these 
normal phagocy'tes also failed to endow them with constant bactenostatic 
properties 

Fate of Tuberde BaaUi ingeded tn Vitro by Cells Derived from Normal arid 
Immunized Animals tn tJte Presence of Normal Serum — ^If the failure of the 
bacilli of reinfection to proliferate within the mononuclears of the tissues of the 
umnimized animal is largely a property of the cells thcinscl\'es it would 
follow that of immiinp ongm that had mgested the microorganism m 
normal serum should also inhibit the growth of the phagocyted bactena 
when subsequently grown on normal body fluids 

Accordingly the growth of tubercle badlli mgested by cells of unmunized 
rabbits in the presence of normal serum was compared to that of cells from 
normal animals that had mgested the microorganism m the same medium 
These normal phagocytes that had ingested the baciUi and the carbon particles 
tn vitro, suspended in normal serum, were planted In the emptied anterior 
chamber of one eye The ‘ immune ’ phagocytes, with their similarly mgested 
carbon particles and bacilli, su^icnded m the same normal serum, were im 
planted m the emptied anterior chamber of the other eye of the same albmo 
rabbit host. All the other measures mvolved were earned out as previously 
outlmed 
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In Table in o are given the conditions under which 5 such experiments were 
earned out It may he mentioned that the cells and sera used m 5 of the pre- 
ceding experiments were denved from the same animals as the cells and sera 
of the present 5 experiments The ongmal concentration of mononuclears m 
the pleural exudates of the normal animals vaned between 30 1 to 89 5 per 
cent , that of the immune rabhits ranged between 63 5 and 95 0 per cent Need- 
less to say the percentage of mononuclears of both cell types was equalized 
before utilization for phagocytosis The average phagocytosis of tubercle 
bacilli and carbon particles bj cells of immune ongm was greater than that of 
mononuclears of normal ongm, as m previous expenments However the 
number of hvmg bacilli remammg in the supernatant fluid of the phagocytic 
nuxture containing “immune” cells did not differ from that remammg m the 
supernatant fluid of the normal cell mixtures Apparently the difference m 
the degree of phagocytosis between the normal and immune cells was in- 
sufficient to be detected by the number of bacilli remammg m thew menstrua 
It must be emphasized that these expenments uere not set up for the purpose 
of determmmg the degree of phagoci^tosis For this latter purpose the bacilli 
m the menstruum vere too few, chance meeting of phagocyte and particle 
played too much of a rdlc The aim was to present so few bacilli for phago- 
cytosis that even the normal cells would take up the baciUi m approximately 
the same numbers as the immune cells 

As seen m columns 2 and 6 of Table mi this goal vas actually achieved m 
4 out of the 5 expenments For m these tests the number of xnablc bacilli m 
the normal phagocj'tic cells before implantation did not differ significantly from 
that contamed m the “immune” cells In these same expenments, the multi- 
plication or rather the survival of the bacilli m the ins of the normal rabbit 
implanted with “immune” cells vas from 5 to 12 times less than that of the 
ms implanted with normal cells, despite the fact that there was no immune 
serum m the medium in which either the mgcstion of the bacilli or the grov th 
of the phagocytic cells had taken place Likev ise m the majonty of the cham- 
ber fluids implanted with “immune” cells there were much fener bacilli after 
14 to 15 days mcubation than in the chamber fluid planted mth normal cells 
The smgle exception was Expenment 3 where the survival of the bacilli m the 
“immune” cells was greater than that m the normal phagocj4;es It is inter- 
estmg to note m this connection, that the normal and immunized donors of the 
cells of this expenment were subsequently infected with virulent tubercle 
bacilli It was foimd that the normal rabbit showed greater resistance to 
tuberculosis than the immunized animal The normal animal was a member 
of a naturally resistant family (15) 

Microscopic exammation of the growths of the implanted cells confirmed the 
observations previously detailed The growth of the bacdli m the cells of 
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The normal cells actually contamed skems of tubercle bacdh, deeply stamed 
and long (Fig 5), while in the “immune” cells they were difficult to find and 
those seen were very short, poorly stamed, and beaded (Fig 6) Furthermore 
the cytoplasm of the normal cells consisted of large irregular vacuoles That 
of the “immune” cells was much finer and more regular Typical mature 
epithelioid cells with differentiation of the cytoplasm into an external dark 
penphery and an internal lighter zone were also seen m the “immune” cells 
growing m or on the ins of the normal host 

It IS plain therefore that cells obtained from an immunized animal, washed 
free of their immune body fluids, which had ingested tubercle bacilli in vitro 
m the presence of normal serum and had been planted and grown in vivo 
m the environment of a normal animal bathed either in the normal serum in- 
troduced into the chamber or m the natural chamber fluid, inhibited the 
growth of tubercle bacilli withm their cytoplasm, an average of 10 times more 
effectively than cells of normal animals that had ingested the microorgamsm 
and had grown under identical conditions This clearly mdicates that the 
mhibition of groivth of tubercle bacilli withm the cells of the reinfected animal 
IS a property chiefly of the phagocytic cells themselves and that immune body 
fluids and the organ environment of the immune animal are not essential for 
this function 

Fate of Tubercle Bacilli Ingested in Vitro by Cells Derived from Normal and 
Immunized Animals in the Presence of Immune Scrum — It was found above 
that, while immune serum does not constantly impart a significant inhibitory 
effect on the grow’th of tubercle bacilli ingested by cells of normal ongm, the 
immune sera of some inmmuized animals did apparently exercise such an 
effect, to some degree It appeared desirable, therefore, to test further the 
r61e of the cells and sera by determining the relative inhibitory properties of 
both agents actmg simultaneously Accordmgly the growth of tubercle 
bacilli mgested by cells of normal animals m the presence of immune serum was 
compared to that of bacilli ingested by cells of immune ongm m the same 
medium 

It will be noted m column 4 of Table IV a, which details the conditions under 
which this series of expenments was performed, that all the donors of the 
“immune” cells and the immune sera used m this senes had undergone pro- 
gressive tuberculosis caused by the highly xurulent bovme bacfllus, Ravenel 
At the time when these sera and cells were obtained, this tuberculosis had 
affected the donors for 44 days to one year This was done in order to elicit a 
high immune state m these donors 

As m the previous senes, the average phagocytosis of tubercle bacilli and 
carbon particles by the “immune” cells was greater than that by the normal 
cells However, here too there was no constant difference m the number of 
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Viable baciUi remaining m the supernatant fluid of either cell mixture after 
phagocytosis Nor was there any significant difference m the number of hving 
baalli present m the normal and “immune” cells after phagocytosis m the same 
immune serum at the time of implantation of these cells m each chamber 
(Table IV b, columns 2 and 6 ) These normal and immune phagoc 3 ’’tes, each 
contaming approxunately the same number of livmg bacilli and suspended m 
the same immune serum, were mtroduced into each emptied antenor chamber 
respectively of the same normal albmo rabbit host 
Fourteen to 20 days later the growth of the bacilli m the normal cells, 
proliferating in a medium which, for a time at least, contained immune serum 
was, in 5 out of the 6 experiments, from 6 to 150 times as great as m cells 
derived from immume animals that had phagocj'tcd the bacilli m the same 
immune serum and had grown in the same medium Compare column 3 with 
7 and 5 with 9 Likemse the chamber fluid implanted with cells of normal 
ongin contained from 2 to 10 tunes as many living bacilli m these 5 experiments 
as the corresponding chamber fluid implanted with “immune” cells In only 
one expenment. No 3, were the results reversed The donor of the “immune” 
cells and immune serum for this experiment had extensive snuffles pneumonia 
superadded upon his tuberculosis This animal died 2 days after removal of 
its cells and serum for the test It is possible that the intercurrent disease 
affected the immune state of this rabbit’s cells and serum 
Microscopic examination of the indes with their implanted, carbon-beanng 
cells confirmed the cultural results and showed the same differences m the 
character of the growth of the two cell tjTJcs and their contained bacilh as had 
previously been descnbed in those experiments where cells of normal and 
immune origm were compared These differences are illustrated m Figs 7 
and 8 The large numbers of the long tubercle bacilli m the cells of normal 
ongm are contrasted with the single, very short bacillus seen m cells of immune 
ongm It IS noteworthy that the carbon particles are in large masses in the 
cells of immune ongm They are much fewer and more dispersed m the cells 
of normal ongm Apparently the normal cells had greatly multiplied together 
with the multiplication of their contained bacilli and subdivided the burden of 
carbon, ongmaUy mgested in vitro, among the daughter cells The “immune” 
cells, m which the baciUi not only failed to multiply but, as the cultures ra- 
dicated, had been greatly reduced m number, proliferated but shghtly and hence 
did not reduce the ongmal carbon present m each cell at the time of implanta- 
tion Furthermore the normal mononuclears were mtemuxed with large 
numbers of polymorphonuclears Many of the former had imdergone mjury 
from the large numbers of bacilli they contamed and chemotacticaUy attracted 
the granulocytes from the host The “immune” cell growths on the other 
hand were not mtermixed with pol}morphonuclears They were not mjured. 
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as the bacilli had not grown m their c> toplaam, and hence exerted no chcmo 
tactic effect on the polymorphonuclears of the host's vessels 
It 18 thus again clearly shown that the inhibition of growth of tubercle 
bacilli by cells of the immune animal is a function of the cells themselves and 
that immune scrum cannot impart to normal ^1) !^ an equal inhibitory property 
for the multipbcation of tubercle badlli withm their cytoplasm 
Essentially similar results were obtamed m a few experiments with gumea 
pig cells and sera, using normal albmo guinea pigs as hosts for the normal and 
immune cells that had phagocyted tubercle bacilli xn mlro m normal or im 
mime sera 


SUMMARY AND DISCUSSOK 

An endeavor was made to determme whether phagoiy'tic mononuclears of 
immunized animals, removed from the influence of the organs m which they are 
naturally situated, will inhibit the growth of tubercle badlli m their cytoplasm 
more effectiv'dy than similar cells obtained from normal animals It was 
also undertaLen to ascertain to what extent the inhibition of growth of tubercle 
bacilli m the immunized animal is due to the cells themselves and to what 
degree it is accounted for by the immune bod> fluids which bathe themu To 
answer these questions the antenor chambers of normal olbmo rabbits were 
used as in ww mcubators One antenor chamber was host to one type of cell 
or cell-serum mixture, whDe the other antenor chamber of the same rabbit 
was host to a cell type or a cell-serum mixture to which the first was to be 
compared The fate of the badlli m each cell type and in each fluid menstruum 
was culturall) determined b> comparing the number of livmg badlli present m 
the ongmallj implanted with the number of badlb that were contamed m 
these cells after they had grown m the chambers The implanted rdls were 
identified b> carbon partides that had been ingested by these cells at the same 
time that the bacilU were phagocyted 

It was found that cells of immunized animals, which had phagocyted tuberde 
bacilli tn mvo m lymph nodes or bone marrow and had been transferred 2 days 
later mto the environment of the chamber fluid of a normal rabbit, inhibited the 
growth of the microorganism withm their livmg cytoplasm for 2 weeks m the 
absence of immune body fluids Similariy transferred normal cells, imder these 
conditions, permitted the badlli to grow withm them to a much greater extent 
To what degree the inhibition of growth m these 'immune ' cells was due to the 
iTnmnnp body fluids which had formed a film about the bacteria before their 
phagocytosis or to the mere sojourn of the badlli in these phagocytes in the 
bodj of the immune for 2 days before their transplantation to a normal 

environment could not be determined by these experiments 

To answer the latter question exudative mononudeais derived from normal 
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and immunized animals, washed free of their body fluids, were permitted to 
mgest tubercle bacilh and carbon particles vitro m the serum of the normal 
or of the immunized donor of cells Before mcubatmg these phagoc 3 des m the 
antenor chambers, the supernatant fluid of each phagocytic mixture was 
replaced by the same fresh serum m which the phagocytosis had taken place 

The presence of antibodies against the tubercle bacillus m the immune sera 
was not determmed It is certam however that in the tissues of such donors of 
“immune” cells and sera bacilli of remfection fail to multiply, as had been 
abundantly demonstrated It is not known how long the immune or normal 
serum mtroduced mto the chambers with the phagocytic cells persisted there 
It cannot be said with certamty therefore that implanted cells grew for the 
entire penod of their sojourn m the chamber m the serum mtroduced with the 
cells How'ever, there is presumptive evidence to indicate that such intro- 
duced fluids remamed in the chamber for a considerable time It has been 
demonstrated by Seegal and Seegal (16) that protein antigens mtroduced uito 
one antenor chamber sensitize the corresponding eye but not the opposite eje 
of the same rabbit If proteins introduced mto one chamber readily leave it 
there is no explanation for this phenomenon Under these conditions, it was 
found that “immune” cells that had ingested tubercle bacilli in vitro m the 
presence of immune serum inhibited the growth of tubercle bacilli m their 
cytoplasm to a much greater extent than normal cells that had phagocyted the 
bactena in the same medium Furthermore, tlie absence of immune serum m 
the medium of phagoc 3 tosis and growth of cells obtained from immunized 
animals did not rob them of their greater bacteriostatic properties on the growth 
of tubercle bacilli withm them Nor did the presence of immune serum dunng 
phagocytosis impart to cells of normal ongin a significant and constant bacte- 
riostatic effect 

It is clear therefore that “immune” phagocytic cells possess m themselves, 
apart from the immune body fluids, a greater bactenostatic property on the^ 
growth of tubercle bacilli within them than do normal cells This demonstra- 
tion of the inherent bactenostatic property of the “immune” cells is in harmony 
with the previously demonstrated mcreascd capacity for phagocytosis of tuber- 
cle bacilh possessed by cells of actively tuberculous rabbits, w’hich is also 
independent of the medium m which the phagocytosis takes place It is 
significant that this enhancement of phagocytosis parallels the immunity of the 
possessor of such cells Treatment of rabbits with tubercle baciUi of low 
virulence confers little immumty to the infection and little or no enhancement 
of the mherent phagocytic capacity of their cells for tubercle bacilli (7) 

The demonstration by Moen and Swift (17) that mononuclears derived from 
animals sensitive to tuberculin retam that property even after several trans- 
plants m tissue culture, shows that allergy, the development of which is so 
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regularlj associated with mununi^, is also a property inherent in the cells 
themselves 

These results also support the conclusion drawn from many years’ study on 
the fate of tubercle bacilli and the associated cellular responses m normal and 
immunized animals, namely, that the destruction or mhibition of multiphca 
tion of tubercle baciUi m the reinfected animals rests chiefly upon an mcrcased 
capaaty of the mononuclear phagocytes of the immunized Arnmnl to destroj 
or inhibit the gronlh of tubercle bacilli The present study mahes thU con 
elusion more nearl> certam For, in the former studies it was found that the 
fate of the badlli of primary infection or of reinfection is great]> dependent 
upon the organ in which thej are focalized Thus, when immumt> develops 
m the course of a first infection, nhjch had mvaded aD the organs simultane- 
ously no the blood stream, the badlli may be efi’ectively destro>'ed m the liver, 
spleen, and bone marrow but not in the long and hidney It is conceivable 
that forces, apart from the inherent properties of the phagocytic cells that 
harbor the bacilli, resulUng from the structures or functions of the organs and 
actmg as en\’ironmental factors affect the behaviour of these rells and account 
for the observations In the experiments here recorded it has been dearly 
demonstrated that immunity m tuberculosis is associated with an mcrcased 
bactenostatic propert> acquired b> the mesenchjme ccUs m general that is 
independent of the organ en\nroiiment in which the cells are situated, for it is 
also present outside of their influence 

To what extent immune body fluids can impart to nonnal cells mcreased 
bactenostatic effects is not entirely answered by these experiments for there 
was no contmuous renewal of immune body fluids m the medium of growth of 
the normal cells that were ongmally mtroduced mto the chambers with immune 
serum One especially hesitates to accept the mconstant results of this expen 
ment in dew of the fact that it has been deady demonstrated that when badlli 
situated extraceUulady are continuoudy exposed to the body fluids of immime 
aniTTiftlg tn mwj (2, 4) they are definitely mhibited m their growth b> comparison 
to bo dill R imilnrl y exposed to normal body fluids, 

CONCXTJ8IONS 

1 Mononudear phagocytes of immunized animals that had ingested 
tuberde baafli tn vtw and had subsequently been transpla n ted and grown m 
the environment of a nonnal anunal contmue to inhibit the multiphcation of 
the microorganism in their cytoplasm m the absence of immune body fluids 

2 Mononudear phagocytes of immunised animals that had ingested tubercle 

bacilli xn vttro m the presence of immune serum inhibit the multiphcation of 
the microorganism m their cytoplasm to a much greater extent than cells of 
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normal animals that had mgested the bactena m the same medium and had 
grown m a similar environment 

3 The presence of immune serum during the tn miro ingestion of tubercle 
bacilh by mononuclear phagocytes of normal animals does not regularly endow 
them with mcreased bacteriostatic properties for the microorganism Whether 
or not continued sojourn of normal cells in immune body fluids will confer upon 
them sucli properties has not been determined 

4 Mononuclear phagocytes of immunized animals that had ingested tubercle 
bacilli tn vitro in a medium of normal serum and had subsequently grown in an 
environment devoid of immune body fluids inhibit the multiplication of the 
microorganism m their cytoplasm to a much greater extent than do normal 
cells under the same conditions 

5 Active tuberculosis confers on the mononuclear phagocytes themselves 
increased bactenostatic properties for the tubercle bacillus which are mdepend- 
ent of the immune body fluids or of the organ environment in which they 
grow ‘ 
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EXPLANATION OF PLATES 

All micropliotographs were prepared from tissues stained by the Ziehl-Neelsen 
method and counterstained with hemato'^yhn The magnifications are about X 1400 

Plate 5 

Fig 1 Bone marrow of normal rabbit, the reticular cells of which had ingested 
tubercle bacdli and carbon particles tn vivo, growing in the antenor chamber of the 
eye of a normal rabbit (E'cpenment 7, Table lb) 59,800 colomes were cultured 
from 100 mg of this tissue at the time of implantation After 14 days incubation, 
66,000 colomes were cultured from 100 mg of implanted ins Ratio between the 
number of colonies in ms and that m the onginal inoculum, 1 1 Rapidly and dif- 
fusely growing mononuclears contaimng carbon particles and numerous, long, well 
stained tubercle bacilh in their cytoplasm 

Fig 2 Bone marrow of immunized rabbit, the reticular cells of which had in- 
gested tubercle bacilh and carbon particles in vivo, growing m the opposite antenor 
chamber of the same host that harbored the normal cells shown in Fig 1 91,800 

colomes were cultured from 100 mg of this tissue at the time of implantation After 
14 days incubation, 16,100 colomes were cultured from 100 mg of implanted ins 
Ratio between the number of colomes m ms and that in onginal inoculum, 0 17 
The reticular cells of the surviving marrow’ contain carbon particles, one such cell, 
at the left margin of the photograph below its center, contains a mass of such par- 
ticles The onginal fat spaces of the marrow are retained and may be seen m the 
lower left and both upper comers of the microphotograph Tubercle baalh are very 
rare Two microorgamsms, poorly stained and short, are seen Ijnng at an ohtuse 
angle to each other near the nght margin of the photograph, at about its center 

Fig 3 Phagocytic mononuclears of a normal animal, that had ingested tubercle 
baalh and carbon particles in vitro in the presence of normal scrum, growing m the 
antenor chamber of a normal host (Experiment 1, Table lit) 233,000 colomes 
were cultured from 100 mg of cells at the time of implantation After 14 daj’s 
mcubation, 240,000 were cultured from 100 mg of implanted ms Ratio between 
the number of colomes in ms and in the onginal inoculum, 1 03 Diffusely growing, 
carbon-containmg, mononuclears swamimg with long, deeply stamed, tubercle 
baalh 

Fig 4 Phagocytic mononuclears from the same normal ammal, as those shown m 
Fig 3 that had mgested tubercle bacdli and carbon particles in vitro in the presence of 
immune serum growmg m the opposite antenor chamber of the same normal host 
that harbored the cells shown in Fig 3 380,000 colonies were cultured from 100 

mg of cells at the time of implantation After 14 days mcubation, 113,000 colomes 
were cultured from 100 mg of implanted ms Ratio between the number of col- 
omes m ms and in the onginal inoculum, 0 30 Diffusely growmg, carbon-contain- 
ing mononuclears with fewer and less well stamed tubercle bacilli in their cytoplasm 
than those shown in Fig 3 
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Fig 5 Phagocytic mononuclears from a normal animal that had ingested tu- 
bercle bacilli and carbon particles tw vitro in the presence of normal serum, growing 
in the antenor chamber of a normal host (Expenment 2, Table III 6) 56,000 

colonies were cultured from 100 mg of cells at the time of implantation After 14 
days incubation, 7,300 colonies were cultured from 100 mg of implanted ms Ratio 
between the number of colonies in ms and in onginal inoculum, 0 13 Large mononu- 
clears with large vacuoles in their carbon-containing cytoplasm, infiltrated with 
necrotic polymorphonuclear leukocytes The bacilh are numerous Two large 
skeins of bacilh, one of which is U shaped, can be seen in the mononuclears near the 
left margin of the microphotograph at about its center 

Fig 6 Phagocytic mononuclears from an immunized animal, that had ingested 
tubercle baalli and carbon particles in the presence of normal serum, growing in the 
opposite antenor chamber of the same normal host that harbored the cells shown in 
Fig 5 65,000 colonies were cultured from 100 mg of cells at the time of implanta- 

tion After 14 days incubation, 860 colonies were cultured from 100 mg of im- 
planted ms Ratio between the number of colonies in ms and in onginal inoculum, 
0 013 There are large mononuclears with very' small round vacuoles, some con- 
taining carbon particles with a structure charactenstic of epithehoid cells Such a 
cell, with a penpheral dark staimng and a central light staining cytoplasmic zone, is 
seen near the left of the photograph at about its center In the cytoplasm of a cell 
below the former one can see a very short, diploid tubercle bacillus, the only one that 
could be found in this field There are no infiltrating polvmorphonudears 

Fig 7 Phagocvtic mononuclears from a normal animal, that had phagocyted 
tubercle baalh and carbon particles tn vitro m the presence of immune serum, grow- 
ing in the antenor chamber of a normal host (Experiment 6, Table IV b) 93,000 
colomes were cultured from 100 mg of cells at the time of implantation After 14 
days incubation, 810,000 colonics were cultured from 100 mg of implanted ms 
Ratio between the number of colonies in ms and in onginal inoculum, 8 71 Mono- 
nuclears, infiltrated with and phagocyting poly morphonuclears contaming numerous 
tubercle baciUi and dispersed carbon particles in their cytoplasm are seen 

Fig 8 Phagocytic mononuclears from an immunized ammal, that had ingested 
tubercle baciUi and carbon particles tn vitro in the presence of the same immune serum 
in which were suspended the normal cells shown in Fig 7, growing in the opposite 
antenor chamber of the same normal host that harbored the normal cells also shown 
in Fig 7 93,000 colonies were cultured from 100 mg of cells at the time of implan- 

tation After 14 days incubation, 5,300 colomes were cultured from 100 mg of im- 
planted ms Ratio between the number of colonics in ms and in onginal inoculum, 
0 057 Large mononuclears, heavily laden with masses of agglutinated carbon par- 
ticles in their cytoplasm may be seen Tubercle baalli are very difficult to find 
One very short, comma shaped bacillus, indicated by the arrow, can be seen in the 
cytoplasm of the cell near the upper nght comer of the photograph just below the 
oval mass of carbon particles 
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SEROLOGICAL REACTIVm'' OF HYDROLYTIC PRODUCTS FROM 

SILK 


Ti'k K LWDSTEINER, >LD 

(From the Laboratories of The Rockefeller Instiiulefor iledtcal Research) 
(Received for publication, December 2 IWl) 

It has been briefly reported that preapitm reactions of antisera produced 
with heteroproteose are inhibited bj peptic proteoses, small enough in molecu 
lar size to pass collodion membranes (1, 2) The purpose of these investiga 
tions ^"as to get information on the smallest portions of a protein molecule that 
stfll are capable of speaficall> combining with antibodies and, finally on the 
chemical structure of these determinant groups, questions as yet undecided 
In resurmng this line of ^ork split products of silk, chosen as an ejmraple of a 
fibrous protein ^ith a comparati\'ely simple ammo aad make-up, were ejoim 
ined and agam inhibition reactions were observed with substances resulting 
from enzymatic digestion of this protein (see Bergmann and Niemann, 3) It 
was further seen that such reactions are obtained also wnth products of acid 
hydrolysis ^ 

The preparation of antisera for silk presented some difficult) at first but on 
mjection of silk, dissolved with the aid of aad and after neutralization adsorbed 
onto charcoal immune sera were obtamed (4 o) An attempt with the method 
bnefl) mentioned by Fell (46) was unsuccessful 

Methods and Materials 

Immunitatum — 6 gm of degummed silk were dissolved stirnng for about 4 
rmnutes in 60 cc concentrated hvdrochlonc aad and the solution diluted with 10 
volumes of water The solution was ncutralixed to weak aad reaction to Congo 
red with 10 per cent NaOH added m portions to avoid too high a temperature The 
sohd material which separates was allowed to settle and the supernatant fluid sy 
phoned ofl The sediment was washed by suspending m a large volxune of water and 
after settling was centrifuged for a short time — at very low speed to prevent the 
formation of clumps that subsequently would be difficult to bnng mto solutiom The 
precipitate was then taken up in 45 cc. of water and dissolved by adding dropwisc 
dilate NaOH while stirring avoiding an excess The solution was brought back with 
dilute HQ to weakly alkaline litmus reaction * This solution was used for the scro- 

^ This observation was made in our laboratory by Dr R. F Qutton 

* An electrophoretic experiment was londlv earned out by Dr L G Longsworth 
The opalescence of the solution interfered with the observation but the matenal 
seemed to be homogeneous and had a mobility of —1 8 X 10-‘ cm /sec./volt/ciiL 
in 1 per cent solution m phosphate buffer of 0 1 ionic strength and pH 8 0 
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logical tests and for immunization after adsorption to blood charcoal The charcoal 
was washed several times with water, dried, stcnhzed, suspended in saline solution, 
and thoroughly mixed with the silk solution, using 45 gm of charcoal for the solution 
made from 12 gm of silk (for preservation 0 5 per cent phenol was added) Immuni- 
zation was earned out bv rejicated intrapentoneal injection of rabbits, each receiving 
at 5 day intervals 15 cc of a 6 fold dilution of the suspension in sahne, a dose con- 
taining about 25 mg of silk and 0 55 gm charcoal Sera of moderate strength were 
obtained after 6 to 12 injections 

Hydrolysis and Fraclionalion ^ — 200 gm portions of degummed silk were dissolved, 
with stimng, in 1 liter of 50 per cent (bj volume) sulfunc acid, and the solution was 
allowed to stand at 26-30°C for 4 hours 2 liters of water weie added, the solution 
(for convenience) kept overnight in the ice box and then dialyzed in cellophane tubing 
against running water for 3 hours The remaining sulfunc aad was then removed 
with banum carbonate, in later runs with banum hydroxide, and any excess of banum 
was subsequent!} removed wnth sulfunc acid The banum sulfate was filtered 
off on Buchner funnels and washed with boiling water The combined filtrates and 
washings were evaporated in small portions on the steam bath to a small volume, the 
reaction dunng evaporation being kept shghth acid to litmus The syrupy solution 
was placed in cellophane tubes and dial} zed in the ice box against 2 xolumes distiUed 
water with changes of water at the intervals stated The outer fluids were evaporated 
in small portions on the steam bath, and finally were precipitated with acetone, 
filtered, and dned The first three diffusates, after dial} sis for 3, then 5, then 7 da}'S, 
were combined Yield 1200 gm from 4800 gm silk used (The matenals obtained 
on further dialysis are not considered in the following, also, in the description of the 
fractionation procedures onl} those substances are taken account of that were selected 
for use m the serological tests presented ) 

The substance was boiled up with 2400 cc of water, cooled to room temperature, 
and a little toluene added as a preservative After standing overnight at room tem- 
perature an insoluble portion was removed from the solution (A) This sediment 
was again extracted with water as above (solution B) To solution A volumes 
of alcohol were added and the mixture kept in the ice box for 48 hours The resulting 
precipitate was filtered in the cold, washed with acetone, and dned’* From the 
filtrate a 2nd fraction was obtained bvaddition of ’/s volume of alcohol (Ai, 102 gm ) 
The supernatant was evaporated to a small volume and precipitated with acetone 
(Ai, 350 gm ) Solution B was precipitated with 2 volumes of alcohol (preapitate B i, 
35 gm ) A second precipitate was obtained bv adding 3 volumes of alcohol and the 
supernatant fluid was evaporated to a small volume and precipitated with acetone 
(Bj, 100 gm ) Ai was further fractionated b\ successive addition of 1, ’< 2 , and 


^ In studies on the production of silk hydrolysis several dipeptides and a tnpeptide 
(alanylglycyltyrosinc) have been isolated in pure state (c/ 3) A number of other 
split products have been desenbed (5, 6) 

■* The same procedures dissolving m 2 volumes of water except when stated other- 
wise, precipitation, drying, were followed in the other fractionations The volumes 
of alcohol used m the fractionation arc given in terms of the volume of the original 
aqueous solutions 
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1 \*olumt of alcohol and the last prcapitatc (1 1 gm ) was 8imilarl\ rcfrnctionatt'd \nth 
^2 ’if and *4 \ olumc of alcohol The 3rd fraction is designated as preparation I 
\t and Bj were joined dissohed and the solution precipitated \vith ^ volumes 
alcohol the prcapitatc (86 gm ) ^\^ls dissolved in 3 volumes of v.’atcr and again pre 
apltatcd with Ij volumes of alcohol This substance (35 gm ) dissolved m 4 volumes 
of water was separated into fractions which precipitated ^\ith ^ 1 2 and 3 volumes 
alcohol The last of these fractions preparation II amountcjd to 1 5 gm 




*5 ’ ^ r 


A. -iy 
\ ' 




fi tvT 4 


r-' 


J 

V 

Fio 1 Substance II from hydrolysis products of silk fibroin X 240 

The precipitate B i was rcdissolved m 6 volumes of water and prcapitatcd with an 
equal volume of alcohol (preparation III 7 gm ) 

A number of serologically active preparations were analj’zcd for total mtrogen and 
ammo nitrogen in order to obtain estimates of the molecular size. The mtrogen 
analyses were made b> the gasometnc Kjcldahl method according to Van Slyke 
(with a modification devised by Goodner*) The ammo mtrogen detcrmmations 
were made bj the SOrensen method using glass electrode measurements instead of 
indicators 


* Personal communicatiorL 
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Glycine ■\^as determined \Mth nitranilic acid (7), tjrosinc by Bernhart’s technique 
(8), and senne and alanine bv the method of Fromageot and Heitz as modified by 
Desnuelle (9) (Deamination followed bv oxidation and colonmetnc determination 
of acetaldchi de ) 

Siibslauccs Tested — Substance I had microscopicallj a crystalline appearance 
(similar to that shown in Fig 1) when separating in the cold from solution in dilute 
alcohol It contained 17 34 per cent N, 2 47 per cent NHj-N, which would corre- 
spond to peptides with seven ammo acids and with molecular weights of about 600 
The ash was 1 9 per cent, containing a considerable proportion of Ca and SO< To 
obtain an indication of the degree of homogeneity, the matenal was dialyzed m a 
cellophane bag against small volumes of water, the outer fluid being removed, and 
replaced after 18, 47, 90, and 138 hours The ratio of total N to ammo N was 9 m 
the final inner fluid which contained only 4 per cent of the starting substance and 
vaned from 7 3 in the first to 8 1 in the last dilTusate That the molecular weight 
values of the fractions (about 580 to 640) calculated from the ammo N arc of the 
correct order of magnitude was confirmed bv determination of the freezing point 
depression (made with the second diffusate) which gave even a lower value, but since 
complete analytical data arc lacking an accurate correction for salt (ash 2 9 per cent) 
was not possible 

Substance II had likewise a ciystallinc appearance, as shown in Fig 1 However, 
an x-ray picture failed to give definite evidence for cnstalline structure® On 
analysis 17 76 per cent N, 2 26 per cent ammo N, (and 2 57 per cent ash) were found 
indicating octapeptides Analyses for amino acids gave 48 8 per cent glycine, 35 6 
per cent alanine, and 1 2 to 1 3 per cent tvrosinc, the latter probablv ascnbablc to 
some peptide present in small quantitv 

Substance HI separated from the solution in tlie form of shmv balls as seen micro- 
scopically Analysis showed 18 11 per cent N, 1 53 per cent ammo N, and 0 79 per 
cent ash, pointing to peptides with a chain length of 12 ammo aads 

FINDINGS 

The preparations lust described were tested serologically by inhibition reac- 
tions (Table I) 

It IS seen that all three substances inhibited the precipitation of silk antigen 
by the antisera though to somewdial different degrees (Still other fractions 
gave positive reactions likewise but were not further studied ) The strongest 
inhibition was obtained wnth substance III which from the analytical results 
appeared to have the largest molecular size The specificity of the reaction 
was shown by tests, given in Table II, w’lth several heterologous antiprotein 
sera and their corresponding antigens in w'hich also a higher concentration of 
the substances w'as used In order to determine w'hether the activity of 

® Strong reflections were observed corresponding to 4 67 and 4 15 A u and a weak 
reflection at about 3 7, but tbev may be due to the ash content For this examina- 
tion I am indebted to Dr I Fankuchen 
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TABLE I 

To 0^ cc. of a 1 10 000 illk solution were added 0,05 cc. of sdatlcins of the rubctancea 
tested for inhlbldon and then 2 drops of Imroimc »eram 

R ead i ngs were taken after 15 minutes at room tempemtore (lit line) and after 1 hour 
(2iid line) 


Sold tloq tested 
for inbiUtioD 

Sobstascel 

SobeUor* II 

Solwteace m 

' Cootrtd 

f«T ctnl 





1 

0 

0 

0 

d- 


0 

0 1 

0 

+ 

in 

f tr 

ftr 

0 



tr 1 

tr 

ftr 


1/4 


tr 

fu 



± 

d- 

ftr 


1/8 

(±1 

(±) 

tr 



■f 

+ 

d- 



The intensity of the reactioas is Indicated as follows 0 f tr (faint trace) tr (trace) tr 
(strong trace) ab, + +st 


TABLE n 


Test os in Table I udng 1 drop of the sidtably diluted immune lera and the respective 
homologous antigens tn a coocentratton of 1/10000 
Readings were taken after 1 boor at room temperature. 


Inumaeser* es&iiut 

Sobstasce n 

Snbttascs in 

Control 

1 per cent 

2 par cent 

1 per cest 

2 per cent 

rhirtpH ovalbumin 

No I diluted 1 3 

± 


± 

± 

d- 

No n dduted I 2 

+± 

+± 

+d= 

+± 

+± 

Hone globulin 

No I diluted 1 3 

d- 

d- 

d- 

d- 

d- 

No n undiluted 

+ 

+ 

+ 

+ 

+ 


preparatron IH might be due to a subatance of hig^i molecular weight, a 
diffuaioii experiment was earned out m the following manner 
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6 gm of the substance were dissolved in 10 volumes of water by heating, cooled to 
room temperature, and some undissolved material (0 315 gm ) filtered o5 The solu- 
tion was placed in a cellophane bag and dialyzed in the ice box against IJ volumes of 
water which was changed at the intervals stated The difiusates were evaporated 
to a small volume and preapitated with acetone 



Taken after 

Weight 

Total N 

Ammo N 

N 

Amino N 



rm 

i>cr uni 

per cent 

per cent 

1st dillusate 


2 2 


1 67 

10 5 

2nd “ 


1 44 


1 56 

11 4 

3rd “ 


0 82 


1 47 

12 0 

4th “ 

43 

0 45 


1 51 

11 6 

5th " 

74 

0 27 


1 30 

13 2 

Residue in bag 


0 25 

■n 

1 08 

15 5 


Fractions 2 and 3 were analj^tcd for individual ammo and and gave the values 
show! (R ■=• ratio of nitrogen of each amino acid to NHj nitrogen in the onginal 
substance, indicating the number of molecules of the ammo aad ) 



2nd dillusate 

3rd dlffosate 


percent 

Jt 

per cent 

R 

Gl> ane 

49 7 

6 0 

46 8 

5 9 

Alanine 

26 4 

2 7 

25 3 

2 7 

Senne* 

21 2 

1 8 

22 4 

2 0 

Tyrosme 

18 6 

0 9 

18 1 

1 0 


* This value would include other hj droxyntmno aads (threonine) (r 10) 


Although the substance m is certainly not homogeneous, it would appear 
that the fractions 2 and 3, which are similar m composition, consist largely of 
peptides with a cham length of twelve ammo acids, and this receives support 
from the ammo acid composition which, mcidentally, is not far from the propor- 
tions found in silk fibrom’ (Bergmann and coworkers, (11, 12)) 

The results of inhibition tests with the fractions obtained by diffusion are 
given m Table m and show that there was no definite difference m the reac- 
tions of the five diffusates, the residue gave a somewhat stronger inhibition 
On the whole the experiment renders it very improbable that a small quantity 
of a substance with high molecular weight was responsible for the specific 
mhibitions observed Thus the analytical result showed that some separation 
with respect to molecular size had been obtamed, as mdicated by the figures for 

’’ A non-crystaUme substance, probably a tetrapepUde isolated by Fischer and 
Abderhalden (5) contained two glyane, one alanine, and one tyrosine residues 
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the 1st and 5th diffusates, while this difference is not reflected in the inhibition 
effects 


TABLE m 


Inhibition tests with dUInutes of nbsUnce IIL 
Tests as In Tihk L 


IHflrottt 


1 


4 

5 

0 

CoBtrol 

ftr ttni 








1/2 

0 

0 

0 

0 

0 

0 

+ 


f tr 

ftr 

f tr 

f tr 

ftr 

0 

+ 

1/4 

tr 

tr 

tr 

tr 

tr 

f tr 



tr 

tr 

tr 

tr 

tr 

ftr 


1/8 



±. 

tr 

± 

tr 






J- 

5- 

J- 



Continuation of the work in the direction of obtammg more homogeneous 
preparations of sQk peptides is desirable as well as further mvcstigations on 
other proteins 

The author is indebted to hlr B Meier for his assistance 
SUmiASY ANP COhCLPSIOKS 

The foregoing experiments show that products of the hydrolysis of silk that 
consist of peptides having, from ammo nitrogen determinations, molecular 
weights from about 600 to 1000 were capable of mhibitmg the reactions of pre 
dpitm sera for silL From the results it ma> reasonably be inferred that silk 
fibroin contains determinant structures not larger than the peptides examined, 
which probably consist of not more than 8 to 12 ammo acids That similar 
relations may obtam with other proteins is not improbable m view of results 
previously reported with dialyrable spbt products 
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SYNTHESIS OF INOSITOr. IN MICE 
By D W WOOLLEY PhJ) 

(Ffwn ihe Laboraloncs of The Rac^elUr Insldulefor Medical Research) 
(Received for publication, December 13, 1941) 

Smce It has been shown (1, 2) that inositol possesses vitanm activity, it has 
been desirable to investigate the metabolism of this compound Some studies 
have been made previously, but the work has been senously limited by the lack 
of suitable methods of quantitative estimation AVith the development of a 
satisfactory micromethod for the estimation of mositol (3), it has been possible 
to study the metabolism of this substance m some detafl In particular, it has 
been piossible to show that while mice require mositol m the diet, they are able 
to synthesize the compound when none is ingested Furthermore, the site of 
synthesis has been indicated, and a possible explanation for the numerous 
spontaneous cures of alopeaa (4) has been discovered Finally, the mfluence 
of pantothemc add on the metabolism of mositol has been demonstrated 

EXPERIltEKTAl, 

UdUod of Analysu —Inositol detemdnations xme made according to the method 
recently described by Woolley (3) Individual mice vierc lolled with chloroform, 
weighed and suspended in 50 cc of HQ of such concentration that the final suspension 
was 18 per cent HCl The mixture was refluxed for 6 hours and extracted twice with 
ether The analysis for mositol was then conducted on the aqueous phase as prevl 
ously described In every case m which ammab had received a diet containing mositol 
they were fed a ration free of this substance for 3 days before analysis. This was done 
in order to remove Ingested inositol from the intestinal tracL 

Variation In the values observed for mdlvidual male weanling mice is iflustrated 
by the data given m Table I 

Synthtsu of ItwsUal tn Mice 

In order to detenmne whether mice were able to synthesize mositol, the 
following experiments were performed 

Forty five weanling male mice were fed a higjdy purified diet composed of sucrose 
inorgamc salts casern, cod liver oil, com oil thiamm, riboflavin vitamin Be mcotmic 
aad cholme, and pantothemc aad The compoaition of this diet has been 
described (2) 

Ten mice were individually analyzed and the average mositol content of a 
weanhng mouse was thus obtamed (see Table II) After the a n imal s had been 
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fed the purified ration for 2 weeks ten more animals were analyzed A similar 
group was analyzed at 4 ^\eeks and another group of five at 6 weeks The 
mositol content of an average mouse at biweekly intervals on this diet is shown 
m Table n It can be seen that the mice mcreased m total content of mositol 
per mouse even though none of this substance was mgested For purposes of 
comparison the average mositol content of six mice raised on stock rations for 
4 veeks after weaning is mcluded in Table II The mositol content of six 

TiVBLE I 


Inositol Content of Individual Weanling Male Mice 


Mouse No 

Uve weight 

Inositol content 


tm 

tammj/mi 

240 

7 5 

0 so 

241 

8 5 

0 so 

242 

8 S 

0 47 

240A 

8 S 

0 47 

345 

7 5 

0 48 

340 

7 5 

0 SO 

341 

8 S 

0 50 

342 j 

8 S 

0 47 


TABLE n 

Inositol Content of Mice Fed Rations anth and iCithout Inositol 


Besenplioa oi mice 

Average live 
weight 

Inositol content 

Totiil amount of 
inositol 



pn 

lamTMfmg 

rtz 

Weanlings 


7 0 

0 49 

3 4 

2 wks without mositol 

ih 1 

15 0 

0 35 

5 3 

4i\ks without mositol 



0 36 

8 6 

6 wks without mositol 



0 35 

12 3 

4 wks on stock ration 


25 0 

0 39 

9 8 

4 w ks with mositol 


23 0 

0 54 

12 4 


animals fed the highly purified ration plus 100 mg of mositol per 100 gm of 
ration for 4 weeks after weanmg is also shown 
The experiment was repeated with a second group of rune mice These 
ammals mcreased m mositol content on the average from 4 mg to 12 mg m 6 
weeks The experiment iras agam repeated usmg eight animals These 
mcreased m total mositol content from 4 mg to 11 4 mg 

In the presence of adequate pantothemc aad one characteristic of mositol 
deficiency was the variation m gam of weight which mdmdual ammals ex- 
hibited Another characteristic was that, at about the 6th week of the ex- 
perimental penod, many showed a preapitous loss of a eight Unless inositol 
was fed when this loss of v eight began, death resulted The rate of loss was 

















D W WOOLLEY 


279 


as great as the rate of gam had been before the declme began A mouse typical 
in this respect was No 313, which gamed from 9 5 gm. to 29^ gm in 5 weeks 
In the following 10 days the weight declined to 21^ gm 100 mg of mositol 
per 100 gm of ration were added, and in the next 8 days the mouse increased 
in wei^t to 27 0 gra ^Tien inositol was not admmistered to similar animals, 
death resulted after their weight had decreased to 15 to 20 gm Death was 
averted only when mositol was fed soon after the loss of weight became ap* 
parent In several cases these phenomena were not accompanied by alopecia 
at any stage of the experiment, and m no case was loss of hair observed dunng 
the period of precipitous loss of eight. Thus inositol deficiency was not 
mvanabl> accompanied by alopecia. 

The low madence of alopecia has been reported on previous occasions (4) 
Examination of the data for mdtvidual mice m the first experiment described 
above demonstrated agam that inositol defiaency cannot be produced m all 
animals In contrast to the uniformity in content of mositol of weanling mice 
(Table I) it was found that several of the ftnimftU kept on the inositol free 
ration had a low content. Thus it was low m two out of the ten analyzed after 
2 weeks (0 24 and 0 27 gamma per mg , as compared to 0.35 for the average 
of the group) and after 4 weeks m three out of ten (0.30 0 29, OJl gamma 
per mg ) In an mdependeot group of sc\'en mice three showed preapitous 
loss of weight after 7 weeks m a group of five mice two behaved similarly, 
while m a third group of seven two lost weight as described. 

Relahcn of Pantolhimc Aad to the Synthesis of Inosxtoi — In order to m\’esti 
gate more fully the relationship of pantothemc aad and mositol to alopeaa 
(4) the foUowmg experiments were performed A group of twenty two wean 
Img mice were fed the above ration, mmus pantothenic aad Ten animals 
were analyzed at the beginning of the eiqienments The remaming twelve 
were analyzed 3 weeks later The average content of mositol m the first group 
was the same as that previously recorded m Table H for weanling mice (0 49 
gamma per mg , 4 0 mg per mouse) The average values in the second group 
were 0 24 gamma per mg and 4.3 mg per mouse Thus the mositol content 
per unit weight decreased and the total amount of this substance m the mouse 
remamed approximately the same 

The experiment was repeated twice with groups of six mice with the same 
result as in the first tnal In a fourth experiment with 12 mice the content of 
mosrtol did not decrease significantly (0 48 to 0 41 gamma per mg ) m 2 weeks, 
undoubtedly because of the small gam m weight of the group (from 6.5 gm 
to 10 gm ) That is, the quantity of mositol rontained m a mouse at the start 
and presumably carried through the test penod was not distributed m as much 
tissue as in the other experiments. 

Addition of pantothenic add to the diet of animals defiaent in this vitamm 
resulted in the synthesis of inositol A typical experiment was as follows 
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A group of fifteen mice were fed the ration defiaent m pantothemc acid for 2 weeks 
The average content of inositol at the beginning n as 0 49 gamma per mg and the total 
amount m the average mouse was 4 mg After the mice had been defiaent m panto- 
thenic aad for 2 weeks the content of mositol had decreased, but the total amount m 
a mouse a as the same as at the beginnmg (judged from the average of two imce 
analj^ed) Pantothemc aad was then restored to the diet Two to 3 weeks after 
the restoration the tj^ncal alopeaa of inositol defiaency made its appearance in seven 
of the mice Four out of the seven hairless mdividuals exhibited spontaneous cure of 
the alopecia 2 to 3 weeks after its appearance even though no inositol was fed Anal- 
yses of these spontaneously cured animals revealed that in them inositol had inaeased 
to normal values (0 39 gamma per mg ,11 7 mg per mouse) Analj scs of those which 
remained hairless showed that they had not increased markedly in content of inositol 

Mtcrobtal Synthesis of Inositol 

In an effort to discover the reason for the spiontaneous cures of alopeaa which were 
observed (4, and above) the following experiments were performed 

The intestinal tract of a mouse which had exhibited spontaneous cure of alopeaa 
was removed aseptically and placed m 10 ca of a sjuthetic medium This medium 
had the composition desenbed by Woolley (5), except that inositol and thioglycolhc 
aad were omitted It was thus a highly purified mixture of all available growth 
factors and of glucose, inorganic salts, and amino aads The tube was incubated for 
24 hours at 37°, and then a drop of the suspension was introduced into a second 10 ca 
of medium of the same composition After 24 hours incubation, 1 ca of this passage 
of culture of organisms from the intestinal tract was added to 500 ca of medium of 
the same composition Incubation at 37° was continued for 60 hours The cells 
were then collected by centrifugation, hydrolj^zed, and analyzed for inositoL The 
metabolism solution w as concentrated under reduced pressure and similarly analyzed 

As IS shown in Table m, the organisms obtamed bj' passage of a culture 
from the mtestmal tract synthesized inositol and at least 80 per cent of the 
amoimt formed was retamed m the cells The experiment was repeated wnth 
the same mixed culture (which had been stored at 0°) for an mcubation penod 
of only 16 hours Approximately the same quantity of mositol was formed 
as previously Hence the mcubation periods in subsequent tests were 16 
hours m length 

The mtestmal tract of a mouse from the same group of annuals which had 
lost its hair and had not exhibited spontaneous cure was treated similarly 
The bactena from this mouse showed a much smaller content of mositol 
(Table TIT ) The expenments ware repeated on two mice from a second run, 
one of which had become hairless but had then exhibited a Spontaneous cure 
and the other of which had remamed hairless The culture of organisms from 
the first mouse synthesized 0 42 gamma of mositol per cc of culture and that 
from the second mouse formed 0 12 gamma A thurd experiment with two 
more mice, cured and hanless like the others, was performed m the same man- 
ner and it was found that the values were 0 40 and 0 0 gamma per cc for the 
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culture from the spontaneously cured mouse and the hanless mouse respec 
tively In this case the hairless mouse was exammed as soon as alopecia 
developed, ^hile m the other instances animals were tahen which had been 
hairless for about one week 

It has been found that the synthesis by the cells of ^the culture was not m 
fluenced by gramicidin and that a prominent mtestinal inhabitant did not form 
inositol One of the cultures already tested, which was procured from a mouse 
which had exhibited spontaneous cure of alopecia, was moculated mto a medium 
of the compiosition described above, to which had been added 10 gnmmn per cc 
of crystalline gramiadm * A control test was done, usmg the same culture 
without the addition of gramiadm The cells from each medium were collected 
and annl> 2 ed for mositol As can be seen from Table in gramiadm did not 


TABLE m 

InotUai Conieni of Ctiltuns of InJeitinal Organisms 
The numbere in parentheses indiaite the length of the period of Incubation 


ITitcrlaJ uMl^nd ^ 

iMalttO caatest of cnJtsrs 



Cells of caltore from ipootaoeoosly arred mouse (60 his.) 

0 40 

Supeniaunt fluid titer centrlfugadoo of the tbove cells 

Lest than 0 1 

Cebs of mixed culture from above moose (16 hia.) 

0 3S 

Cells from the above culture grown In gnuoiddis 

0 33 

Cells of mixed cnltore from hairless mouse 

0 18 

Cells of £. uti 

Less than 0 1 


influence the synthesis The cells of one of the most important bacterial forms 
in the intestinal tract of the mouse, Eschertcha ceJt, as grown m the purified 
medium, were analyzed and foimd not to contain moaitol in demonstrable 
amounts (Table HI) 

Influence of Pantothenic Actd on Inositol Meiaboltsm 

The occurrence of alopecia m a high percentage of the mice to which panto- 
theme aad had been restored after 2 or 3 weeks of deficiency has been men 
boned above It seemed likely that if inositol were fed from the beginning, this 
dela> ed appearance of alopecia might be prevented A group of ten mice were 
fed the basal rabon referred to throughout this paper, from which pantothemc 
aad was omitted and which was supplemented with 100 mg of mositol per 
100 gm After 2 weeks pantothenic add was restored and mositol was omitted 
Two to 2i weeks after this change typical alopecia developed in all but three of 
the BrtimnlR. AnalysIs of three of thehairlessmiceshowedthatthey conta in ed 
little more mositol than did weanling mice (6 4 mg compared to 4^ mg ) 

1 We wish to tbunV Dr R. J Dubes for gifts of gramiadm. 
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Similarly, it had been found that two of the anunals at the tune that panto- 
thenic acid was added were deficient m inositol even though they had received 
it in the diet (4 0 mg compared to 4 4 mg ) 

The experiment was r pleated with the foUowmg modifications A group of 
SIX mice were fed the rf /ion which contained inositol but no pantothemc acid 
After 2 weeks analysis of three mice again showed that they were deficient m 
inositol The other three mice were continued on inositol for 3 days followmg 
the addition of pantothenic aad Analyses of these revealed a normal content 
of the vitamin (0 42 gamma per mg ) Thus it appeared that when pantothenic 
acid was absent from the ration inositol defiaency developed even though this 
substance was mgested Addition of pantothenic acid to the diet restored the 
inositol content of the mice to normal within 3 days 

TABLE IV 

Dtstnbutton of Free and Total Inosttol tn Fartoiu Natural Products 


Except m the case of the extracts analyses were based on w eights of undned samples 


Material analyzed 

Fret inositol 

Total inositol 

Normal mice (6 individuals) 

£ommo/mi 

0 25 

[amma/tng 

0 41 

Inositol-defiacnt mice (3 individuals) 

0 20 

0 30 

Beef skeletal muscle 

0 55 

0 88 

Beef bram 

3 0 

6 0 

Beef pancreas extract 

1 2 

5 0 

Aqueous alcohol extract of ncc bran 

0 37 

0 53 

Dialvzcd nee bran extract 

0 0 

0 16 


Free and Combined Inositol 

• 

Smee it has been shown (6) that yeast is unable to respond to inositol esters, 
it was thought possible that the method for the estimation might be refined to 
differentiate free from combined inositol It has been shown (2) that liver 
contains a non-dialyzable, water-soluble substance which hberates inositol 
when treated with acid or alkali It has been found that jeast does not 
respond to this combination This has made possible the analysis of natural 
products for free inositol, separate from total inositol The difference between 
free and total represents combined mositol 

For the analysis of mice for free mositol the foUomng procedure was used 

A mouse was ground and suspended m water An aliquot of this suspension was 
hydrolyzed with HCl and total mositol was detemuned m the hydrolysate as previ- 
ously desenbed A second ahquot of the suspension was heated in an autoclave (IS 
pounds for 15 mmutes), centnfuged, and the preapitate washed with water Dnrect 
analysis of this hqmd wnthout aad hydrolysis gave a value for free mositol Smee the 
combined mositol present m hver extract, brain extract, pancreas extract, and nee 
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bran extract was not rendered available to yeast by autoclaving, this procedure was 
used to coagulate proteins and destroy cn^Tnei. 

By this tech n ique approximately 60 per cent of the moaitol content of normal 
mice was found to be free Similarly, SO per cent of the total mositol content 
of bmm and 60 per cent of that in sLeletal muscle was fotmd to be free The 
proportion of free moaitol in normal mice did not differ significantly from that 
m deficient animals. Some representative data are shown in Table IV In 
the case of tissues the value for free mositol represents the amount which can 
be extracted and does not include any free inositol which may be retained m 
insoluble residues 


DISCUSSION 

It can be clearly seen from the data in Table n that mice synthesized mositol 
when fed the purified ration. It appears that the presence of pantothenic acid 
in the ration was of importance for this synthesis Those animals which did 
not receive pantothemc aad failed to mcrcase markedly m total mositol con 
tent even though they did gam m weight, whereas, when pantothenic aad was 
added to the ration, the mositol content of the mice increased It may be of 
interest to note that in no case of defiaency did the total amount of moaitol 
m a mouse decrease even though the content per umt weight did fall Hence 
it was necessary that the animals should grow if the inositol deficiency was to 
be recognized by a decreased content of the vitamm per unit weight 

One site of inositol synthesis appears to be the mtcstinal tract When a 
mouse exhibited spontaneous cure of alopecia, a simultaneous mcrease m the 
total content of inositol took place Organisms cultivated from the mtestmal 
tract of mice which had exhibited spontaneous cure 5>Tithc3ized mositol m the 
instances tested and to a much greater extent than did the organisms isolated 
by the same method of cultivation from hairless mice, Smee the synthesis 
took place m the presence of gnuniadm, which inhibits the growth of Gram 
positive bacteria (7) and since the gramiadm treated cultures on microscopic 
examination were foimd to be Gram negative, it is probable that the organisms 
responsible for the synthesis were Gram negative However, a prominent 
Gram negative organism of the Intestinal tract, E colt, did not form inositoL 
Smee inositol defiaency could be produced regulari> In a small percentage of 
mice fed a deficient diet, it must be concluded that the inositol synthesized 
by such organisms was not sufficient to meet all of the requirements of the 
mouse, or else that, under the conditions studied, the organisms did not become 
establibed in ah pnlmfllg This latter hypothesis may explain more ade- 
quately why only some animals on an inositol free diet develop alopecia The 
data show further that the metabolism of inositol is influenced by pantothenic 
aad Mice did not increase in total content of Inositol even when this sub- 
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stance was present m the diet unless pantothenic aad was also present It 
has not been established whether this phenomenon was due to failure of ab- 
sorption or to some more obscure metabolic disturbance 

SUMMASY 

It has been shown that mice are able to synthesize inositol This synthesis 
was not observed when pantothenic acid was absent from the diet Cultures 
from the intestinal tract of animals which exhibited spontaneous cure of 
alopecia yielded microorganisms which synthesized much more inositol than 
did organisms isolated m the same fashion from the tracts of mice that had 
become hairless Some observations on the distribution of free and combined 
mositol have been made and it has been shown that several biological materials 
contain combined mositol It has been found that deficiency of mositol can 
develop even when mositol is present in the diet if pantothenic acid is ormtted 
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stance was present in the diet unless pantothenic acid was also present It 
has not been established whether this phenomenon was due to failure of ab- 
sorption or to some more obscure metabohc disturbance 

SUMMARY 

It has been shown that mice are able to synthesize inositol This synthesis 
was not observed when pantothemc acid was absent from the diet Cultures 
from the mtestinal tract of animals which e\hibited spontaneous cure of 
alopecia yielded microorganisms which synthesized much more mositol than 
did organisms isolated in the same fashion from the tracts of mice that had 
become hairless Some observations on the distribution of free and combmed 
mositol have been made and it has been shown that several biological materials 
contam combmed mositol It has been found that deficiency of mositol can 
develop even when mositol is present in the diet if pantothenic acid is omitted 
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Hemolyhc were measured as m (3) both m the original sera and m the 

supereaUnts. 

In order to supply the mtssing components for the fortification of human comple- 
ment m the hemolytic titration fresh supernatants from the above C' senes were 
used, or, if these were not available, supernatants were quickly prepared as follows 
For each milliliter of guinea pig serum specific prcapitate was formed with about 
0 02 mg of egg albumin nitrogen and 0 1 to 0 2 mg of rabbit anti-egg albumin nitro- 
gen, or with tlmilar amounts of Type II or IH pneumococcus specific polysac 

TABLE I 


\ Utamut CempUnunJ TUraihns mtk ojtd vUhetU RMf&ruintni 



Qntnn I 

1 Uaa^x^ ^ ot hsmta tenna dllaUaa attd! 

dUattoc (ECd 

RpemeUat 

Qja 1 


aj 

in 

OJ 

■SI 

OJ 

0.4 


ml 1 

mL 

ttL 
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mL 


mL 

mL 

B,1 30 

_ ' 
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+ 
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+++ 
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17h 1 10 





ac 
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“ 1 30 
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1 EC 
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c 





2*-32hl 40 

' 



0 


sc 



c 

“ 1 320 

+ 



0 


++ 
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charide and homologous rabbit antibody These quantities of specific prcapitate 
have been shown to remove C^l, or the combining component(i), from complcment- 
The mixture was centrifuged after the predpitale flocked and the supernatant was 
Q*ed as indicated- 


Expmintnls 

For the typical titrations given In Table I 0^ ml of hemolytic system (equal 
volumes of 5 per cent sheep red ce ll suspension and a dilution of h emoly sin con 
taming 2 or 4 ^mit8 ’) was added to each tube, followed by 0 05 ml of the guinea pig 
*erum lupcmatant, made up to double the onginal scrum volume. Varying volumes 
of diintcd human scrum were then added, followed by saline to a total of 0 5 or 0 6 
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mV The usual controls were run, including one with 0 1 ml of gumea pig super- 
natant with sahne and hemolytic system. This was negative m every instance 
For each serum the first line m the protocol gives the titration without supple- 
ment, while the second hne mdicates the result of addition of the missing component 
or components 

Lol D — In an earher experiment C' and iC' blanks with sahne alone showed no 
less N tVian correspondmg blanks with anbgen and serum alone Sahne blanks 
were therefore dispensed with As neutralization of gumea pig C' and iC' had been 
found unnecessary, this step was also omitted with the human sera and earher proto- 
cols are not given pH of C', 7 38, pH of iC', (after SO mmutes at 56°C ), 8 21 Di- 
luted anti-Pn HI rabbit serum pool, B 40, 60 used S HI, 0 04 mg per ml C'2 
“titer” determmed 1 week later after storage m COi snow, 70 umts per ml , C'l 
“titer” (with gumea pig serum supernatant), 120 umts Tubes held at 19-21°C 
for 2 5 hours, overnight m ice box before centnfugmg 


No of tubes 

D 

D 

D 

D 

3 

3 

3 


C al 
iC mJ 

i 

i 

■ 

5 5 


2 0 

m 


Serum dilution ml 

1 0 


1 0 


1 0 


1 0 

1 0 

S HI dilution ml 


1 0 


1 0 

1 0 


1 0 

1 0 

SaJioe ml 


1 

1 

1 

6 

4 


4 






[O UA 

fo VO 


0 492 

fo 556 

N predpltited mt 

0 on 

0 012 

0 018 

0 021* 

]o 448 

<0 476 


0 500 

]o 563 






[o 446 

■nrgi 


[o 492 

(0 554 

Mean 

0 012 

0 021 

0 446 

0 476 

0 495 

0 559 

SubtrsctioQ of blank 






0 007} 

0 021 

0 004} 

Specific N precipitated mt 
Subtraction of iC' value 





0 469 

0 474 

0 555 

0 469 

C' N precipitated wtt 

C' N preapitated per ml 

C' taken 






0 09 

0 045 


3 

3 

4 0 


1 0 

1 0 

3 

0 624 . 

■ 0 590 

0 610 

1 

0 608 

0 621 

0 oost 

0 012 

0 600 

0 4721 

0 609 

0 474 

0 13 

0 033 

0 14 

0 023 


* Calculated to 6 0 mL 
t Aliquot portion of blank on 6 0 mL 
§ Mean of the two iC' senes values 

HemolyUc umts left m each 2, 4, 6 mL C' supernatant respectively, < <40, <80, < < 160 


Data obtamed with another portion (DQ of the same lot kept frozen a week longer, 
and then analyzed, are given m Fig 1 

Lol E — Anti-Ea rabbit serum pool d, diluted to 3 S volumes, (0 4 mg anti-Ea N 
per mL) and Ea, 0 04 mg N per ml were used as the immune system C'2 “titer” 
of lot E, 70 umts, C'l “titer" (with gumea pig serum supernatant), 230 umts Tubes 
centnfuged after 3 hours at 20-21°C 

Portions of lot E, active and inactivated as m the previous section, were first 
treated with anti-Pn horse specific preapitate before addition of the rabbit system, 
as had been done m the study of gumea pig complement (3) The anti-Pn V I 1 1 
horse serum H644 used had been precipitated with S 1 1 1 m another connection (7) 
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No. of tubes 1 

1 

1 

t 

1 

3 1 

3 

1 3 

3 

3 1 

3 

C* mJ ' 

iC ml 

i 0 

3 0 

3 0 

3 0 


J Q 

1 3 

2 3 

4 0 

6 0 

Scrum dnuUofl mL 

1 0 


1 0 


1 0 

t 0 

1 0 

1 0 

1 0 

1 0 

Es dnuUoo, mI. 


0 } 


oi 

1 0 

1 0 

1 0 

1 0 

1 0 

1 0 

Sslbc, wd. 

1 

0 i 

i 

OJ 

3 





1 






fojw 

[o 404 

1 fo 460 

fo 4M 

fo 306 

[o 334 

N peedtJUted. »< 

0 

CLoit) 

0 OlO 

0 

fo 3M 

to 396 

|o 464 

(0 4M 

|o 313 

jo 324 






(O 39t 

lo JM. 

to 464 

to 476 

to 300 

to 340 

Ueoa 

1 ^ 

1 ° ^ 

K9 

0.393 

0 463 

0 03 

0 306 : 

0 333 

SubtmUoa of bUoX 






0 003 

0 

0 

0 

0 

Spedfle N pndptuted, ax... 





0 >90 

0 463 

0 03 

0 306 1 

0 333 

SobtoctloQ of iC* rUu 







0.390 

0 390 

0 390 1 

0.390 

C N predpluted «x 







0 07 

0 09 

0 U 

0 14 

O' N prtdpluud, per mL C* tskei 





0 047 

0 036 

0 030 ' 

0 OU 


* Sii^ 3 0 mL [O' gave the same value aa the salt contiol series It b assumed that amounts 
of IC' corresponding to the other volumes of O used would also have given the same value. 
Hemolytic units Wt in each 1.5, 2^, 4 6 mh supenuttanty respcctivtly <7, <9 <12 20 


and had been diluted to an anti S VHI content of 0 65 mg N per mh After the 
reaction components were mixed, the tubes were allowed to stand 1 hour at 21‘‘C 


a mL 

S 

1 5 

30 1 



\a,mL 


1 




Saline laL 



1 0 5 

1 0 5 

30 5 

Anti Pn VIH horse serum, W 

0 8 


5 0 


5 0 

S Vin 0 17 mg. per mL, ad 


0 2 

■|U|I 



j 





GEa 


0 518 

H pred[dtated from aUquot, m; 

0 016* 

0 016* 





0 524 




to 536 


■M 



■ - - - - — 1 

Mean 

1 0 016 

0 537 

0 SSI 

0 521 

Total N precipitated, mi 



2 15 

2 20 

2 03 

Subtraction of blank, mi 



0 10 

0 lOt 


Specific N precipitated mi 



2 05 

2 10 

2 08 


• Entire precipitate from blanka used for analysis. 

X C and IC blanka m the preceding experiment with serum E were approximately the same 
Mean blank (first 2 columns) X 6 used. 


and were centrifuged In the cold, AU supematants were rcccntnfuged and the pre- 
apitatcs were washed 3 tunes with 10 mL of chilled saline, dissolved In alkali, and 
rinsed into 20 mL volumetric flasks. Aliquot portions of 5 0 mL were analyied 
for N 

The recentnfuged C, iC', and saline supernatants from the above reaction were 
set up with the same Ea and rabbit anti Ea dilubons used In the carHer experiment 
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on untreated human serum E 6 mL of each supernatant represented 4 9 ml of the 
ongmal C', iC', or saline 


No of tubes 

C' supernatant, ml 
iC' “ ml 
Saline " ml 
Anti Ea serum, ml 
Ea dilution, ml 
Saline, ml 

N preapitated, mg 


Mean 


Subtraction of blank, mg 
SpeaBc N preapitated, mg 
Subtraction of iCy value 



3 

6 0 


1 0 
1 0 


fO 502 
{O 496 
1,0 524 



O' N preapitated, mg 


0 10 


Hemolytic uruts taken, per 4 9 ml ongmal C, 1125 
“ “ m O' horse serum blank, " " 930 

II II II C'-Svm “ “ “ 1030 

I, <1 11 C'-S vin-antt-Pn Vin supernatant, 960 

“ “ “ final supernatant, <16 

Because of the apparent solubihty effect m other expienments (see also Fig 1) 
a nm was made with 30 ml of C' with the rabbit system. It was thought that at 
this volume the inhibitmg effect of C' excess might be great enough to mask the 
addition of C' N and give N figures like those with S VlJl and horse antiserum m 
spite of fixation of the C' present A portion of lot H of human serum (C'l "titer," 
200 umts pet ml ) was used as no more of lot E was available Anti-Pn-IEf rabbit 
serum B 40, diluted to 9 volumes S in, 0 19 mg per ml Tubes allowed to stand at 
room temperature for 3 hours, m ice box overmght Analyses run as m protocol 
2, lot E 


C, ml 
Salme, ml 

Anti-Pn m rabbit serum, ml 
S m solution, ml 

N preapitated from aliquot, mg 


Mean 

Total N preapitated, mg 
Subtraction of blank, mg 
Specific N preapitated, mg 
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The difference bct\\‘ecii the and saline senes, 0 63 mg of N indicates that the 
apparent sohibfhty effect does not account for the values found with S \'1II and anti 
Pn VJJl horse scrum 

Lol G '—A comparison was made of the C N removed from this serum by two 
different immune 5>*stcms, Ea anU Ea, and S H-anti Pn IL The former was that 
used m the precedmg instance Ea solution 0 045 mg N per ml AnU Pn II mbbit 
scrum 580, diluted to 4 volumes with salmc S 11, 0 1 mg per mb C'2 'titer” of 
lot G', SO units Cl “titer” (with guinea pig serum supernatant), 800 units 



* Calculated to 2^ mb 

Hemolytk units left m each £a lystem iupematant, -<13 m Pn II tyitem supeniatant, 20 


Lot 19 i — C2 ‘Uter ’ <75 units Cl "utcr, 400 units per mb This human 
scrum, contaimng antibodies to Type tl pneumococcus, was preserved with 1 10 000 
merthiolate and handled and analyred so os to favor stenhty EsUmation of C N 
on 2JS mb samples with Ea-anti Ea as in previous examples gave 0 08 mg C removal 
was practically complete 4 J mb portions of the supernatants from the C analysis 
corresponding to 2^ mb of onginal scrum, were each mixed with a solution of 0 06 
mg of S n and allowed to stand m the ice box for 5 days smcc m this and other 
instances of the analysis of weak human seta preapitation increased visibly during 
the first few days Similar analyses were made with fresh serum 19j containing C 
Blanks were also run and deducted 

Specific N from 2 5 mb containing C, 0 117 mg 

Anti'S n N from eqmvalcnt volume ‘ decompkmented serum 0 090 mg 
Human C N removed by S H-human anti S H, 0 027 mg 

Cl units m supernatant calculated to onginal volume 160 per mb 
In this instance the human specific precipitate took up 30 per cent of its weight of 
C and removed more one-half of the number of Cl units present 
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DISCUSSION 

It was shown in the introduction and in Table I that titration of human 
complement m the usual way does not yield the same information as with 
gumea pig complement and a new titration procedure for overcoming this 
difficulty nas proposed It is evident from the Experimental part, however, 
that one need not remain content with relative figures, and that the quantita- 
tive estimation of complement combmmg component or comfxinents m absolute 
terms, or weight umts (3) is apphcable without modification to human sera 

The amounts of complement mtrogen added to specific precipitates m fresh 
human serum are of the same order of magmtude as m gumea pig serum, but 
there seems to be httle relation to the hemolytic titers of the various samples, 
whether these titers were obtamed m the usual way or with added gumea pig 
serum supernatant The reason for this is not clear but may be related to the 
growmg mass of evidence that other components of C' as weU as C'l 
are taken up 

Wffien the present method for complement estimation (3) was proposed, it 
was made clear that the nitrogen determined was that of complement as defined 
by Muir (8) and that the designation C'l N was a provisional one m accord 
with current behef that the combmmg component, or components, consisted 
mamly of “midpiece” or C'l (9, 10) The inadequacy of this behef has often 
been mamtamed (11) It has now been shown m new work by Ecker and 
PiUemer (12) and by our own studies, which it is hoped soon to pubhsh, that 
other complement components also add to specific preapitates The quan- 
titative method therefore remains, as before, a vahd one for the estimation 
of complement or, more stnctly, complement combmmg components m 
weight units 

Fig 1 shows that the apparent solubdity effect is also present as m gumea pig 
complement If the lines m the figure are extrapolated roughly to zero volume 
they lead to the conclusion that the sera analyzed contam between 0 03 and 
0 05 mg per ml of nitrogen due to complement combmmg component or com- 
ponents This might provisionaUy be taken as the normal range of fluctuation 
for human sera Many other samples, both from normals and from cardiac 
and hypertensive cases, have fallen wi thin the same hnuts These are not 
shown m the chart, partly to avoid overcrowdmg, and partly because many of 
the analyses were earned out with a smgle volume of serum 

It is also shown m the experiment on lot G' that the quantity of C' N found 
does not depend on the immune system used and is bke that found m other sera 
with S m-anti-S HI ’ The second portion of the experiment on lot E, however, 
shows that human complement does not add to a specific precipitate from anti- 

’ Irregular results with the S I-anti-Pn I rabbit serum system m gumea pig and 
human sera are under mvestigation 
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pneumococcus horse serum, and that m this respect, also, it resembles guinea 
pig complement (3, 13) The experiment shows, further, that the mtrogen 
ascribed to C' cannot be due to insoluble or easily adsorbed material other 
than C', smee no more mtrogen was carried down by quite adequate amounts 
of the horse specific preapitatc from C than from iC' or wibnc Moreover 
the supernatant showed very nearly the same quantity of C'l N, when sub- 
sequently treated with egg albumm rabbit anti-egg albumm as did the un 
treated portion of lot E 



Fio 1 

Imtial experiments, as with bt 19i, indicate that human complement may 
be in amounts comparable to those of guinea pig comp l e men t by 
human antipneumococcus serum m the reaction with homobgous polysac 
chande This is perhaps surpnsmg m vieiv of Horsfall and Goodneris observa 
tion (14) that gumea pig complement is not fixed by human sera m reacting 
with encapsulated pncumococcu* The fixation of appreciable amounts of 

* Fixation of human complement by human immune sera u evidently subject to 
unltnown factors. Thus far 4 sera have shown preapitation of more specific N b 
the presence of human C' than m Its absence but b only 2 of these was the de- 
crease in ‘ titer” Two other sera, on the other hand showed no differ 

cncc m specific N and no decrease b *^titer ** 
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human C' N m the S-human-anti-Pn system comphcates the mterpretation 
of these and other preapitm reactions m human sera It is quite hkely that 
small quantities of antibody, such as rmght occur dunng convalescence or after 
active unmunization, could easily appear to be doubled (c/ 4) by the C' N fixed 
dunng combination of the antibody with antigen and thus mdicate too high 
an antibody content It is also, possible that mactivation of human sera for 
a penod long enough to abohsh fixation of C' N (50 min utes at 56°C ) would 
damage small amounts of antibody Therefore it appears best, while these 
possibdities are bemg mvestigated on a large number of sera, to remove C' by 
the method used m the experiments referred to, namely, by absorption with 
adequate amounts of an unrelated precipitatmg system, such as Ea-rabbit 
anti-Ea Attention is also called to the length of tune (4 to 5 days at 0°C ) 
requued for complete separation of small quantities of specific precipitate 
from human sera, a penod which seems to be lengthened, rather than dimin- 
ished, by the copreapitation of active complement As is stated m (3) floc- 
culation even of relatively large amounts of specific precipitate from rabbit 
antibody is delayed by gumea pig C' The same observation was made 
throughout the experiments with human C' and m many mstances the delay 
m flocculation was even more marked than with gumea pig C' 

SUMMARY 

1 A modified method is given for the titration of human complement so 
that CT titers are measured, as m gumea pig serum, instead of the C'2 titers 
yielded by the usual titration 

2 The measurement of complement combmmg component or components 
m weight umts, instead of relative terms, is earned out as m gumea pig serum 
and leads to sunilar values, 0 03 to 0 05 mg of C N per ml of human serum 

3 Other similarities m human and gumea pig complements are noted and 
discussed 
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It 13 generally believed that the healthy, well nourished person is more re- 
sistant to disease than the individual who is already diseased or poorly nour 
ished That such is not the case, however, has long been recognised m certain 
mstances of viral mfection Jenner (1) found that mdividuals with another 
disease were sometimes immune to vaccmalion Underwood (2) in 1799 
pointed out that poliomyelitis attacked the finest children Rous (3) m 1911 
reported that healthy fowls are more susceptible to infection with sarcoma 
virus than unhealthy ones Rivers (4) reviewing these and similar observations 
with viruses, has suggested that such behavior is not wholly uneipected and 
may be related to the extreme type of parasitism exhibited by viruses, namely, 
the dependence of vual disease on the multiplication of virus m susceptible 
cells. 

At the present little is known concernmg the factors upon which suscepti 
bflity of a cell to virus infection depends However, it is reasonable to suppose 
that a poorly nourished cell may be lackmg m some of the materials necessary 
for the formation of new virus particles IVlth this possibility m imnd, it 
was decided to study quantitatively the effect of undernourishment on the 
susceptibihty of the skm to infection with vaccmia In spite of the fact that 
the rabbit is an extremely unsatisfactory animal for metabolic experiments, it 
was chosen for this work because it is well suited for precise quantitative studies 
with vaccmia 

The first experiments repotted here confirmed fully the previously cited 
observations, m that they showed that sunple undernourishment decreases the 
susceptibihty of the rabbit's skm to mfection with vaccmia However, it 
became apparent from other experiments that simple reduction of available 
nutnent materials is not the sole factor mvolved in this decreased suscepti 
bflity One other factor shoivn by the present experiments to be important 
13 the amount of mterstitial fluid present In the presence of an mcrease of this 

• Aided m part by Duke Univeiaity Research CounoL 
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fluid the virus particles tend to remain localized at the site of mjection, this 
localization, as shown m an earher paper (5), suggests that the virus comes mto 
contact with fewer susceptible cells and the niunber of lesions is thereby re- 
duced The opposite is true where the amount of mterstitial flmd is either 
normal or reduced 

The amount of mterstitial flmd mcreases if animals are deprived of food but 
are permitted to dnnk water freely This mcrease is not the result of lowered 
plasma protems, as these are unchanged It is prevented, however, if no 
water is administered by mouth or if physiological salme solution is admm- 
istered parenterally It is therefore apparent that experimental techmques 
are at hand for studjong the effects both of undernourishment and of variations 
m the amount of mterstitial flmds This paper is a report of the influence of 
these factors on vaccinia infection 

Methods aitd Materials 

Animals — Normal white adult male rabbits weighing between 2 and 3 kilos were 
used. 

ViT IS — The virus employed m the first 3 expenments was provided by Dr J W 
Beard This stram was denved from vaccme lymph ongmally ob tamed from the 
North Carolma Laboratory of Hygiene, Raleigh, and has been descnbed m detail 
(6) This virus had been passed 50 times in rabbit skin It was purified as descnbed 
b> Craigie and tVishart (7) and Parker and Rivers (8) Measured amounts were 
rapidly lyophilized and sealed m a vacuum untd used m these expenments 

The virus used m the other expenments was a strain of vaccmia supphed by Dr 
T M Rivers This strain had been denved through serial passage through rabbit 
skm for a number of years and was well adapted to this animal This strain was 
purified as was the other stram It was not lyophihzed but was kept frozen m dry 
ice until used 

Conditions of Fasting — ^The rabbits to be fasted were kept m cages wnth wire mesh 
bottoms sufficiently large to prevent the eatmg of feces Three different regimes of 
fastmg were observed m these expenments In the first, the rabbits received no food 
but V ere given free access to water In the second, neither food nor water was given 
For the third, the animals were fasted wnth access to water and m addition were 
injected mtrapentoneally with 50 cc of physiological salme solution twice dady 
These regimes were mamtamed for 10 days before virus moculation and for 48 hours 
afterward. The animals were then allowed such small amounts of food that their 
weights remamed stationary The rabbits of the group depnved of both food and 
water were given free access to water as well as some food 48 hours after vaccination 
E st im ations were made of plasma protems m most of the fasted ammals No signifi- 
cant changes were noted, so that this factor could be ruled out as an influence in the 
production of hydration 

Seien daj’s after virus moculation all the rabbits were kdled and necropsied. 
The a nimals listed m Table I as fasted were practically free of any subcutaneous, 
mesentenc, perirenal, or any other deposits of fat Six of the 21 rabbits which were 
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fasted with water were found to have some fat and have been hated as incompletely 
fasted. 

CaniroU — The control anlmoU were kept on the usual stock diet Nonnal de- 
posits of fat were seen In all of them. Certain of the fasted rabbits which foiled to 
lose fat served as additional controls A few of the rabbits developed diarrhea durmg 
the course of the cipcnmcnt, some before and some alter vncanatioiL These were 
excluded from the experiments since this complication had been seen to affect suscep- 
tibihty to viral Infection The Incidence of this aimpbcation was as follows 3 of 21 
control rabbits, 3 of 21 rabbits which were fasted but given water 3 of 9 rabbits 
which were fasted and given isotonic sobne solution and none of the 9 rabbits which 
were given neither food nor water Two of this last group, however died of monition 

Virus Inoculalwn — Tests for susccptibihty to infection were made b> intradcrmal 
injection of 0 25 cc. of 7 fourfold dilutions of virus Each rabbit received 7 inoctila 
Uons oi each dilution or a total of 49 inoculations m each animal- The 50 per cent 
points were calculated by the accumulation positive and negative method of Mucnch 
and Reed (9) 

Spread of Malerusls — This was studied b> the intradcrmal injection of 0 5 cc. of 
an India Ink suspension The spread of India ink was measured with a planimctcr 
immediately after injection and at I 2 and 4 hours afterwanl Only the 4 hour 
readings ore given. The technique of this procedure u giv cn bi detail el5e\vhere (10) 

Throughout this paper the expression, fasted animals, will mean those which 
were deprived of food but given free access to water 

EKPESlitENTAL 

The Effea of Uiidemctiruhmnt —An experiment was done on the effect of 
the depnvation of food but not water on the susceptibibty of the rabbit to viral 
infection Food was withheld from rabbits, but they were given access to 
water, and 3 were kept as controls. The results of moculation of graded 
quantities of virus m tins group arc given under Expenment 1 in Table I 
In the 3rd column are the number of moculations of each dflution mjected and 
m the 4th the per cent change in weight occurring during fasting pnor to 
inoculation Here it is seen that while the controls lost only 1 per cent of their 
weight the loss in the fasted animal was 19 per cent In the 5th column arc 
given the 50 per cent points. The logarithm of the vims dflution correspond 
mg to the 50 per cent pomt for the control animals is 6 85 (dilution 1 7,080 OOO) 
In contrast, that for the fasted animals was 5,88 (1 759,000) The difference 
m loganthms was 0 97, the antfloganthm of which is 9 3 Therefore, the 
fasted gnimnU may be thought of as bemg more than 9 times as resistant to 
viral infection as the controls This result is well within the limits of the 
method of infectivity measurement and therefore indicates a defimte increase 
in resistance related to fostmg 

Viewed solely in the hght of response as measured by the respective 50 per 
cent pomts the data obtamed m this experiment might well be construed os 
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indicative of increased resistance due solely to poor nutrition That this was 
not necessarily the case, however, was evident m associated findings For 
one thing, it was observed that the blebs raised by the injections of the virus 
preparations subsided much more slowly m the fasted animals than did those 
m the controls In earher work (11) it was found that when blebs subside 
slow ly the spread of particulate matter is correspiondmgly less than m instances 
where the blebs disappear rapidly This was of particular mterest m the 
present problem for it has been observed (5) that localization of mjected virus 
due to faflure to spread is associated with diminished hkehhood of infection 
A study was then made to learn whether or not the spread of India ink is 
altered m animals fasted as m the present experiment 

Comparison of Susceptibility and India Ink Spread in Undernourished 
Rabbits — ^An experiment was earned out to find whether depnvation of food 
but not water actually localized the virus as the foregomg observations sug- 
gested This question is important for it has been shown (5) that localization 
of a virus diminishes the chance of infection Therefore, m the present ex- 
periment both virus and India ink were mjected mto the skm of 3 fasted 
animals and 2 controls As might have been expected from Experiment 1, 
the results (Table I, Experiment 2), mdicate that the spread of India mk was 
considerably less m the fasted animals than that m the controls In the latter 
the mean area of spread was 7 84 cm ® as compared with 5 68 cm - m the 
fasted animals In the same group, the logari thm of the respective dilution 
of virus was 6 86 (dilution 1 7,244,000) for the controls and 5 64 (1 437,000) 
for the fasted animals It thus appears that the decreased spread m the fasted 
rabbits parallels the mcrease m resistance 
Effect of Undernourishment •with and vnlhout Increase in Interstitial Fluid — 
Smee the chance of viral lesions is decreased by locahzmg the virus (5), it was 
thought likely that some, at least, of the above results might be due to a re- 
duction m spread of virus rather than to a change of the susceptibfiity m the 
mdividual cell directly referable to undernourishment To dete rmin e this 
pomt a method was needed by which rabbits rmght be brought to a poorly 
nourished condition without any change m the spread of materials m the skm 
Taylor and Sprunt (12) have shown that the spread is reduced by an mcrease m 
mterstitial water and aided by the opposite It was therefore possible that 
the failure of particulate matter to spread, as noted m the last experiment, was 
due to an mcrease m mterstitial flmd If present, such an mcrease would have 
to be dependent on some factor other than decreased plasma protems, for 
these were normal Regardless of the mechanism responsible for the ac- 
cumulation of mterstitial flmd, edema does not develop if the animal is de- 
pnved of water The observation was also made that mcreases m mterstitial 
fluid can be prevented if the fastmg anima l is mjected mtrapentoneally with 
physiological sahne solution It is beyond the scope of this paper to attempt 
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TABLE I 

Th* EStcl of UndtmouHsimtnl on SusuptmtUy to InfcdioH mih Vacdnta (Ax IndkaUd 
bytksSO Per Cad Pcntd) 



No of 
nbbiu 
uwd 

. N*.of 
iajcttloau 
of 

Hthitkin 

Qusi« la 
ve^t 
bd«e 
Ticdulloo 

Lo«ofS 0 
per cent 
polot 

Meu 
tprcul of 

Tfw<li tnV 

lo 4 bn. 

locrcAMd 

ralstAZbca 

oTtr 

coetioU 




fo ct»t 


xf cm 

X 


Experiment 

1 




Controls I 

3 

1 

-1 1 1 

6 &5 1 

- 1 

_ 


3 

L 21 

-19 1 1 

5 88 1 

- 1 

9 


E^wimcat2 


Controls 

2 

M 

+4 4 

6 86 

7 S4 



Fasted with water 

3 

21 

-11 7 

5 64 

5 68 

11 


EjperimcDt 3 


Controls 

3 

21 

-0 6 

6 23 1 8 91 : 



Fasted with water j 

2 1 

14 

-27 4 

5 35 1 S 38 

7 

Fasted with saline Injected I 

1 1 

7 

-18 6 

6 07 1 — 1 

1 


Experiment 4 


Controls 

2 

14 

-1 3 

3 86 

8 63 




2 

14 

-17 2 

8 44 

7 51 

3 


2 

14 

-24 4 

8 86 

8 71 

0 


Experiment 5 


Controls 

3 

21 

-2 8 

8 07 

7 38 


Fasted with water 

1 

7 

-18 5 

6 67 

5 38 

12 

Fasted withoat water 

3 

21 

-22 6 

7 98 

— 

0 

Incompletely lasted with water 

1 

7 

-20 0 

8 14 

7 40 

0 


Experiment 6 


Controls 

3 

1 21 1 

1 -1 7 

1 7 70 

1 8 07 : 


Fasted with water 

1 

1 7 1 

I -18 2 

7 07 

5 74 

1 “i 

Fasted without water 

2 

14 

-23 1 

7 69 


0 

Incompletely fasted with water 

2 

14 1 

-20 3 

1 7 56 


1 


Experiment 7 


Controls 

2 

14 

-2 5 

7 85 

7 27 

— 

Fasted with water 

1 

7 

-16 0 

7 06 

7 93 

6 

Fasted without water 

2 

14 

-29 4 

7 75 

— 

0 

Incompletely fasted with water 

1 

7 

-17 6 

7 71 

7 41 

0 

Fasted with saline injected 

3 

21 

-21 5 

7 45 

— 

2 


to eiplam these peculmnties m the metaboh&m of the rabbiL A senes of 
expenments (Nos 3 to 7) was undertaken m which, by utiUiation of these 
two facts, It was possible to determine the effects of mcreased interstitial fluids 
and of simple imdemounshment and to relate the former with the spread of 
India mk 
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The results of these espeninents are shown in Table I This table shows 
conclusively that the fasted animals with mcreased interstitial fluid required 
from 3 to 12 tunes more vmis to infect than did the controls Moreover the 
spread of India ink was also reduced This reduction of spread was certainly 
associated with, if not caused by, accumulation of excessive water m the tis- 
sues, for it was observed that the animals m this group (with the exception of 
those m Experiment 3) always lost less weight than the ones which were de- 
pnved of uater or given physiological sahne solution mtrapentoneaUy This 
difference is apparently due to the fact that, if allowed to drink water, the 
fasted rabbits store it m the mterstitial spaces 

If the ammals were depnved of both food and water (dehydrated), essen- 
tially the same amount of virus was needed to infect as m the controls The 
same was true m the case of those animals which received mtrapentoneal 
mjections of isotomc sahne solution Unfortunately, m all but one instance, 
m which the spread was shghtly larger than m the controls, measurements of 
the India mk spread m these 2 groups were unsatisfactory, and correlation of 
susceptibflity with spread of particulate matter is therefore impossible How- 
ever, m both groups, the blebs raised by the mjection of the India ink suspen- 
sion disappeared very rapidly, most of the ink remammg near the pomt of 
mjection The identical behavior of the blebs m these 2 groups mdicates that 
dehydration of the mterstitial tissues characterizes both groups Apparently, 
the tissues were so dry that they allowed the menstruum of the ink to pass 
easily through the skm, while the large mk particles remamed where they were 
mjected Experiments are now under way to detemune the amount of mter- 
stitial water by duect measurement 

In addition to the above changes it was also noted that the ammals depnved 
of both food and water and those that received physiological sahne solution 
(dehydrated) had lesions which were relatively much smaller and which api- 
peared about 24 hours later Their lesions regressed somewhat sooner than 
did those m the controls The lesions m the rabbits which received no food 
but were given water (mcreased mterstitial fluid) were also smaller than m the 
controls but this difference was not as marked as with the above groups 

In other words, depnvmg rabbits of food mcreases the resistance of the 
rabbit to infection with vaccinia, this resistance is accentuated by mcrease of 
mterstitial fluids, and is offset by dehydration of the mterstitial spaces 

DISCUSSION 

These experiments show that the response of rabhits to viral infection is 
affected m two ways by undernourishment One is the depletion of the neces- 
sary mtraceUular elements for virus multiphcation As pomted out earher 
m this paper, a susceptible cell must contam, regardless of its other require- 
ments, the necessary constituents for virus multiphcation At present httle is 
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knowTi 03 to what these requiremeats are, but HoagLind and assomtea (13) 
have shown that biotin is always present m purified vaccinia and is probably a 
necessary constituent of the virus Other substances of which the body has 
been depleted by undernourishment ore probably equally necessary for virus 
multiplication Accordmg to this concept mereased resistance to viral in 
fection depends m some part at least on the absence of materials required for 
synthesis of the vims 

The other infiuencc is more striking and is assoaated witli a change m the 
amount of mterstitial fluids It has been shown previously in this laboratory 
(5, 12) that alteration m the amount of these fluids modifies the extent of 
spread of particulate matter m the tissues and that this spread can be conelated 
with the capacity of a virus to produce lesions Increase m interstitial fluids 
decreases the spread of particulate matter and reduces the mcidence of viral 
lesions, whfle decrease m these fluids has the opposite effects It is quite 
likelj that this relationship can be cxplamed simply on the basis of number of 
cells exposed to the action of the virus, for as shorni in this laboratory (5) and 
by OUUky and Schlesingec (U), the larger the area of dissemination of a virus 
the greater the likelihood of its coming mto contact with a susceptible cell and 
hence the greater the chance of a lesion The experiments reported here are 
entirely compatible with such an hypothesis However, an alternative possi 
blhty IS that the susceptibility of the mdividual cell may be modified by changes 
In the amount of interstitial fluid. The whole question of the mechanism of 
water balance on susceptibility to infection is bemg studied further 

It seems likely from the present cipenraents that both mechamsma are 
mvolved in determining the mcidence of lesions Deprivation of food resulted 
m either fewer or smaller lesions. This effect was accentuated In the presence 
of accumulation of mterstiUal fluids but was partially nullified if the interstitial 
tissues were dehydrated 

In this laboratory it has been observed that, generally speakmg, rabbits 
do not react as well to infection with vaccima m summer as m winter This 
may be the result of increased fluid m the tissues consequent upon changes m 
food and water intake m hot weather If this is so then experimental work 
with voccmia and perhaps some other viruses might be fadhtated m tbe sum 
mer by the injection of suitable amounts of isotonic salt solution 

The possibility that invasion of the central nervous system by the vmis of 
pohomyehtis may be aided by dehydratfon is also suggested De Rudder and 
Petersen (15) noted that poliomyelitis occurred among athletes in a boys’ 
school after strenuous exerasc and thou^t that the virus was already present 
and gamed access to the nervous system because the nerve cells had been 
rendered more susceptible Perhaps the dehydrabon associated with the 
excrase may have mcieased the spread of the virus m the nervous tissue and 
thus led to infection 
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SUMMARY 

Experiments are reported m which it is shown that if rabbits are deprived of 
food, the lesions resultmg from mjection of vaccinia are either fewer or smaller, 
presumably this is partially explamable on reduction of available nutrients in 
the cell The number and character of the lesions are also modified by the 
state of hydration of the mterstitial tissues If the amount of mterstitial flmd 
IS mcreased by permittmg the animal to dnnL water, the lesions are even less 
numerous, but if the mterstitial tissues are dehydrated either by withholding 
water or by mjectmg ph 3 isiologicai salme solution mto the peritoneal cavity, 
then the lesions are more numerous 

The mcrease m mterstitial fluids m these experiments was not due to de- 
creased plasma proteins, for these were normal In this respect, therefore, 
the rabbit differs from man, for unless the plasma proteins are reduced, simple 
starvation m man results m dehydration rather than edema of the tissues 
From these experiments it is concluded that the virus is less able to multiply 
m the poorly nourished ceU than m the well nourished one, and that hydration 
of the tissues mcreases the resistance of the tissue to infection while dehydra- 
tion has the opposite effect It is suggested that this is because hydration 
tends to localize the virus tn stlu, with result that fewer cells are exposed to it, 
while dehydration has the opposite effect However, actual changes m cell 
susceptlbflity consequent upon altered water balance may be responsible for 
the effect 
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THE REACTION OF PERIPHERAL BLOOD VESSELS TO 
ANGIOTONIN, RENIN, AND OTHER PRESSOR AGENTS* 


By RICHARD G ABELL, PilD^ amd IRVINE H. PAGE, ILD 
{From iht DeparinurU of AnaUnnyt Uedtcol School, Untws^iy of Pennsylvania, 
Philadelphia, and the Lilly Lahoridory for Cltntcal Research, Induinapolxs 
City Hospital, Indianapolis) 

Plaz&s 7 Aim 8 

(Received for pubUcatioD, November 3, 1941) 

One of the charactensUca of the pressor substance which may cause essential 
hypertension m man or erpenmental renal hypertension m dogs must be an 
abihty to elevate arterial pressure by constricting the arterioles suJhaently to 
mCTcase penpheral resistance but not sufficiently to reduce blood flow Clini 
cal eipenence indicates that patients or animals wth hypertension do not have 
cold, pale shin. mdJcat^^’e of reduced blood supply On the contrary, the 
plethoric appearance of many such patients is well hnowm 
Expenmeots, both on animals and man, show that the abihty of pressor 
substances to cause vasoconstnction vanes greatly, not only m the same, but 
in different segments of the vascular ^tem For example pitressin and 
adrenalin have m common the abihty to reduce blood flow severely while the 
former elevates arterial pressure but httle and the latter strongly As Landis, 
Montgomer>, and Sparkman (1) pointed out, pressor agents which severely 
reduce blood flow to the periphery m relation to their ability to raise blood 
pressure, could scarcely be errpected to be concerned m the genesis of hyper 
tension characterized by normal or even elevated penpheral blood flow They 
found m rabbits that renm was unusual among the other pressor substances 
in elevating arterial pressure without consistent reductioa of skin temperature, 
— which was accepted as a rough measure of penpheral blood flow 
The demonstration that renin itself was not a pressor substance but produced 
elevation of pressure only after interaction with renm-activator and the 
liberation of angiotomn (2, 3) required that it also be shown that purified 
angiotonin elevates artenal pressure without significant fall m penpheral 
blood flow 

Corcoran and Page (4) found no consistent change m skin temperature of 
tramed normal dogs when angiotonm was infused. Both renin and angiotomn 

*An abstract of this paper was published in the Biological BuUeiin 1940, 79, 357 
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Except for such <^01311 changes in diameter, the venules did not react visibly 
to remn 

Capillaries — ^Although the walls could be seen very clearly, no active con- 
striction was observed when renm was mjected, the lumens re m a inin g open at 
all times Renin did not cause any mcrease m sticking of leukocytes to the 
walls, such as described by Clark and Clark (11) It did not produce any 
concentration of corpuscles, such as occurs following marked mcrease m 
capillary permeabdity, with loss of fluid mto the surroundmg tissue Nor did 
it cause diapedesis, hemorrhage, or visible endothehal mjury 

Reaction of the Vessels to Angtotomn 

Forty injections of angiotomn were made, and three different prepara- 
tions used 

Arterioles — Angiotonm always caused arteriolar constriction As with 
renm, such constnction began m different artenoles at shghtly different times, 
but m all started between 0 7 and 1 0 mmute after the beginnmg of the mjec- 
tions Maximal constnction was reached withm 1 0 to 1 5 mmutes foUowmg 
the mjections, and the artenoles returned to then ongmal diameters withm 
2 0 to 11 0 minutes 

The following example illustrates the typical response of an artenole 28 
microns m diameter to 0 2 cc of angiotomn Constnction began 1 0 mmute 
after the start of the injection, and became maximal 1 4 minutes following the 
mjection Three mmutes after the mjection the artenole had returned to its 
control diameter Fig 14 shows artenolar constriction produced by 0 2 cc 
of angiotonm 

Increasmg the amount of angiotonm mjected caused greater artenolar 
constnction The mcrease m constriction, however, was not proportional 
to the increased amoimts of angiotonm mjected Thus 0 25 cc of angiotonm 
caused an artenole 31 microns m diameter to constnct to 0 88, 0 5 cc to 0 77, 
and 1 0 cc to 0 67 its ongmal diameter The effect of mcreasmg the amount 
of angiotonm from 1 0 to 2 0 cc is shown by another experiment One cc of 
angiotonm caused an artenole 30 microns in diameter to constnct to 0 5 its 
ongmal size (cf Fig 9), and 2 0 cc. to only 0 42 (if Fig 10) Even the injec- 
tion of 2 0 cc of angiotonm did not cause constnction of suffiaent degree to 
stop the blood flow The response of the small artenoles to angiotonm was 
as great and m some instances greater than that of the larger ones 

The artenolar constnction produced by small amounts of angiotonm (0 2 cc ) 
was not followed, after return of the artenoles to then control diameters, by 
dilatation as was the case with larger mjecbons For example, the mjection 
of 1.5 cc of angiotonm caused an artenole 35 microns m diameter to constrict 
to 0 5 its ongmal diameter This artenole returned to its control diameter 
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5 0 mmutes following the injection. Within 83 minutes it b od increased to 
13 its ongmal d i am eter^ and this dilatation lasted until 163 minutes after 
the injection 

The walls of the artenoles became thicker when they constneted in response 
to angiotomn {cf Figs 5, 9, 10, and 14), mdicatmg that such narrowing was 
not secondary to constriction of larger artenoles outside of the chambers 

Venules — Angiotonin in amounts up to 03 cc. d id not produce any visible 
effect upon the venules When the amount injected was increased to 1 0 cc., 
however, it caused, m most instances, a shght vcnular constnction. Thus 1 0 
cc. of angiotonin caused a venule having a control diameter of 28 microns to 
constnet to 0 86 its ongmal diameter 

The degree of constnction of the venules was somewhat greater with greater 
amounts of angiotonin Thus, while m the above cipenment, 1 0 cc. caused 
the venule to constnet to 0 86 its ongmal diameter, 2 0 cc. caused a similar 
venule to constnet to 0 67 its ongmal diameter 

Except for such changes m diameter, the venules did not respond visibly to 
angiotomn 

Captllancs — The capIUanes did not react visibly to angiotomn No 
capillary constnction was observed, the lumens of the capillaries remaining 
open at oU times (Figs. 6 and 7) 

Reaction of the Vessels to Tyramine and Melh^lguantdine Sulfate 

Ty mmin p and mi»thylg iinni dine always caused arteriolar constnction when 
doses of 13 mg of the former and 7 0 mg of the latter were mjected The 
constnction became mrunmnl m 03 to 13 minutes with tyramme, and 03 to 
1 2 with methylguanidme. Return to their ongmal diameters occurred m 
about the same time (3 0 to 73 mmutes) The degree of maximal constnction 
varied from 0 33 to 037 of the control diameters for tyiamme and from 030 
to 0 82 for methylguamdinc Isopressor amounts of both tyramme and 
methylguamdine, usually, but not mvonably, produced greater vasoconstnc 
tion angiotomn (compare the artcnolax constnction shown m Fig 14 
with that in Figs 16 and 18) 

Tyramine and methylguanidme usually did not cause constnction of the 
venules in the amounts mjected- In one of 5 expenmen ts slight venular con- 
striction was observed with both tryamme and methylgua nidm e. 

No response of the capQlanes to either substance was observed. 

Reaction of the Vessels to Eptnephnne and Ptiresstn 

Epmephrine and pitreasm always caused artenolar constnction when doses 
of 0 0015 mg to 0 10 mg of the former and 0 6 umt to 1 unit of the latter were 
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injected Constriction became maxima] m 0 5 to 2 0 minutes with both 
substances 

Amounts of epmephrme and pitressm isopressor with 0 2 cc of angiotomn 
caused much greater artenolar constriction (compare the artenolar constnction 
shown m Figs 12 and 20 with that m Fig 14) At no time did the mjection 
of 0 2 cc of angiotomn cause constriction to the pomt of mterruption of the 
curculation, whereas constnction to this extent occurred m 4 out of 7 mjections 
of the isopressor amount of epmephrme, and m 5 out of 6 mjections of the iso- 
pressor amount of pitressm 

Both epmephnne and pitressm caused constnction of longer duration than 
that produced by the isopressor amount of angiotomn FoUowmg the mjection 
of 0 2 cc of angiotomn the artenoles returned to then original diameters 
w ithm approximately 3 mmutes, foUowmg 0 003 mg of epmephrme not until 
10 min utes, and after ^ umt of pitressm not imtil longer than 24 mmutes 
As with angiotomn the constnction of the small arterioles was as great 
proportionately as that of larger ones, and m some cases greater 
In contrast to the effect of increasing the amount of angiotomn above 0 2 cc , 
mcreasmg the amount of epmephrme above 0 003 mg caused much more 
vigorous and prolonged constnction Although this is probably also true of 
pitressm, the data are msuf&aent 

As compared with the artenolar constnction produced by isopressor amounts 
of tyramme and methylguamdme, epmephrme and pitressm caused much 
more (compare the constnction shown m figs 12 and 20 with that m Figs 16 
and 18) 

Both epmephrme and pitressm caused constnction of the venules, the 
degree of constnction bemg greater with larger amounts, but not exceedmg 
0 33 the control diameter m any instance The degree of venular constriction 
was greater than that caused by the isopressor amount of either angiotomn, 
tyramme, or methylguamdme 

A typical experiment with epmephnne demonstrates that the venular 
narrow mg was not due to artenolar narrowmg, but was an active constnction 
In this instance, 0 0025 mg of epmephrme caused artenolar constnction which 
stopped the blood flow for 4 3 mmutes Durmg this time the venules did not 
become narrower Venular constnction began after the arterioles had begun 
to relax and the blood flow had started 
Neither epmephrme nor pitressm caused active capillary constnction, the 
lumens of the capillanes remaining open at aU times FoUowmg mjections 
which stopped the circulation for 5 mmutes or longer by constnction of the 
artenoles, sticLmg of leukocytes to the walls of the capillanes mcreased from 
phase 1 to phase 2 of the Clark and Clark (11) scale Otherwise no changes 
were noted 
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DISCUSSION 

The evidence obtained by direct observation of the effects of renin and 
angiotomn on the blood vessels of normal rabbit’s ears mdicates that m mod- 
erate doses they produce active vasoconstnction in the artenoles, and m large 
doses sbght constriction of the venules besides The capiUanes remain un 
affected The blood flow is mamtained The action of angiotonm was mdis 
tmguishable from that of renin eacept maiimal constnction of the arterioles 
occurred earher wth angiotonm and relaaation \va3 more rapid Methyl 
guanidme sulfate and tynmune have somewhat similar actions All of these 
pressor agents contrast sharply m their action with cpmephnne and pitressm, 
which cause severe vasoconstnction and reduction of blood flow m amounts 
which elicit similar rises m artcnal pressure 

This suggests that the elevated ortenal pressure with maintenance of penph 
eral blood flow caused by admimatration of angiotonlr^ renm, tyramine, and 
methylguamdme is due to their action on the heart as well as on the artenoles. 
Augmentation of the force of the heart beat by direct action on the myocar- 
dium, maease m the rate of filbng, or both, would account for the increased 
action of the heart Direct action of angiotonm on the heart is strongly 
suggested by the perfusion openments of Hill and Andrus (12) and Lorber 
and Visscher (13) 

In rabbits large doses of angiotomn are required to produce active venular 
constriction The nse m venous pressure would aid m mcreasing return of 
blood to the heart In human beings the nse m venous pressure is marked, 
and decrease m vital capaaty occurs (WilUns and Duncan (6)), suggesting that 
m man the action on the venules may be more marked than m rabbit’s ears 
However, the action on large veins with more developed muscle may be 
greater in rabbits thnn that on the relatively small venules studied 

The renal vessels appear to be more sensitive to the vasoconstrictor action 
of angiotomn thnn the vessels of the ear This is suggested by the fact that 
even with moderate elevation of ortenal pressure Corcoran and Page (4) found 
marked renal vasoconstnction and reduction of blood flow when either renin 
or angiotomn was injected Pitressm, on the other band, has a mudi more 
variable effect on the renal drculaUon, sometimes mcreasing and sometimes 
decreasmg it, while always ehating severe vasoconstnction m the penphend 
vessels. 

The evidence is clear both from rimical observation of hypertensive patients 
and from Kapp, Fnedland, and Landis’ (14) study of the effect of expen 
mentally mduced hypertension m rabbits on skin temperature, that blood 
flow in the pcnpheral tissues is not significantly reduced Angiotomn m 
contrast with cpmephnne and pitressm can produce hypertension without 
reduction of penpheral blood flow 
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The observations made m this mvestigation may be added to those which 
strengthen the view (15) that the remn-angiotonm vasopressor system has 
characteristics consistent with those required of a substance or substances 
concerned m the genesis of chrome arterial hypertension 

SUMMARY 

1 Both rerun and angiotorun m small doses cause constriction of the arteri- 
oles m the ears of normal rabbits, as seen chrectly with the microscope Capil- 
laries appear unaffected while venules exhibit shght or no constriction with 
gmall doses and moderate constriction with large doses The flow of blood 
through the tissues is not reduced except when very large doses are a dmin - 
istered Tyramme and methylguanidine sulfate m isopressor amounts act 
somewhat similarly 

2 Isopressor amounts of epmephnne and pitressm, by contrast, ehat 
severe vasoconstriction of arterioles lastmg longer than that due to angiotonm, 
and flow of blood is sharply reduced or abolished altogether The degree of 
venular constnction was also greater, while the capiUanes remamed unaffected 

3 The vasoconstnetor action of angiotonm on penpheral vessels m moat 
chambers m normal rabbit’s ears is mdistinguishable from that of remn, except 
that it IS more rapid 


CONCLUSIONS 

As judged by study of the blood vessels m moat chambers m the ears of 
normal rabbits, angiotonm and renm elevate arterial pressure with httle or 
no reduction of blood flow by causmg constnction of artenoles and augmenting 
the force of the heart beat Tyramme and methylguandidme sulfate act 
somewhat similarly In contrast, epmephnne and pitressm m isopressor 
amounts elevate artenal pressure by causmg artenolar vaso constnction, but 
the constnction is severe enough to reduce or abohsh blood flow Angiotonm, 
unlike epmephnne or pitressm, acts on blood vessels of the rabbit’s ear m a 
mann er not mconsistent with that required of a substance capable of produemg 
chrome hypertension 
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EXPLANATION OF PLATES 
PxATE 7 

Fig 1 Photomicrograpli showing the normal appearance of a hvmg arteriole and 
venule m the bay of a moat chamber, 28 min utes before the intravenous mjection of 
0 2 cc of remn The grey blur in the lumens of the vessels is caused by circulation of 
the blood. The arrows indicate the direction of blood flow A, arteriole, V, venule 
X 168 

Fig 2 Photomicrograph of the same vessels shown m Fig 1 , 2 5 mmutes following 
the injection of 0 2 cc remn This was the time of maximal artenolar constriction 
produced by the remn The grey blur m the lumens of the vessels shows that the flow 
of blood through them did not stop As shown in this photomicrograph, the artenolar 
wall became thicker dunng constnction X 168 

Fig 3 Photomicrograph of the same vessels shown m Figs 1 and 2, 2 5 mmutes 
followmg the injection of 0 2 cc Rmger’s solution This injection did not cause 
artenolar constnction (compare with Figs 1 and 2) X 168 

Fig 4 Photomicrograph showing the normal appearance of a branchmg artenole 
and a venule m the bay of a moat chamber, 26 minutes before the mtravenous mjection 
of 1 0 cc of angiotonm The arrows indicate the direction of blood flow A , artenole , 
V, venule X337 

FiG 5 Photomicrograph of the same vessels shown m Fig 4, 1 0 mmute followmg 
the mjection of 1 0 cc of angiotonm This was the time of maximal artenolar con- 
stnction produced by the angiotonm As shown m this photomicrograph, the ar- 
tenolar wall became thicker dunng constnction The flow of blood was not in- 
terrupted X 337 

Fig 6 Photomicrograph of a capillary plexus m the same chamber as the vessels 
shown m Figs 4 and 5, taken 6 minutes before the injection of 1 0 cc of angiotomn 
This plexus received its blood from one of the terminal ramifications of the left branch 
of the arteriole shown m Figs 4 and 5 The walls of the capillanes can be seen, and 
the blur in their lumens mdicates blood flow, the direction of which is shown by the 
arrows The actual diameter of these capillanes was approximately 9 microns 
X 337 

Fig 7 Photonucrograph of the same capillary plexus shown m Fig 6, taken 1 0 
mmute followmg the mjection of 1 0 cc of angiotomn This was the time of maximal 
artenolar constnction {cf Fig 5) The flow of blood in the capdlanes was not 
stopped, as shown by the blur in their lumens, and the capdlanes did not constnct 
X337 

Fig 8 Photomicrograph showing the normal appearance of an artenole and venule 
m the bay of a moat chamber, 42 mmutes before the mjection of 1 0 cc. of angiotonm 
The direction of blood flow is shown by the arrows A, artenole, V, venule X 230 

Fig 9 Photomicrograph of the same vessels shown m Fig 8, 0 9 min ute after the 
injection of 1 0 cc of angiotonm The photonucrograph shows the maximnl degree of 
artenolar constnction produced by this injection The flow of blood was not stopped. 
X 230 

Fig 10 Photomicrograph of the same vessels shown m Figs 8 and 9, 1 6 mmutes 
followmg the mjection of 2 0 cc. of angiotonm. The photonucrograph shows the 
m axi m al degree of artenolar constnction produced by the angiotomn. The flow of 
blood was not stopped, and the artenolar constnction was not proportionately greater 
than that produced by 1 0 cc. of angioto nm (compare with Fig 9) X 230 
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Plate 8 


Figs 11 to 20 Photomicrographs of hving arterioles and venules m the bay of a 
moat chamber, showing the effect upon the vessels and the circulation of the intra- 
venous injection of isopressor amounts of epinephrine, angiotonm, tyramme, raethyl- 
guanidine sulfate, and pitressin Figs 11, 13, 15, 17, and 19 are controls for 12, 14 
16, 18, and 20, respectively The latter photographs, t e , 12, 14, etc , were taken at 
the tune of maximal artenolar constnction m all instances A and di, artenoles, 
I, venule X 230 

Fig 11 Normal appearance of the vessels 60 minutes before injection of 0 003 
mg of epmephnne The arrows indicate the direction of blood flow 

Fig 12 The same vessels 1 0 minute foUowmg the injection of 0 003 mg of epi- 
ncphnne The artenoles have constricted to the point of stopping the blood flow 
Stationary ery throcytes, in rouleaux formation, can be seen within the venule 

Fig 13 The same vessels 21 minutes following the above injection of epinephrine 
The arterioles are shghtiy dilated, due to the epmephnne This photormcrograph w'as 
taken 7 0 minutes before injection of 0 2 cc of angiotomn 

Fig 14 The same vessels 1 2 minutes follow mg the injection of 0 2 cc ofangiotonm 
The artenoles have constncted, but not to the point of stopping the blood flow 
Fig 15 Thesame vessels 18 minutes after the above injection of angiotomn This 
photomicrograph was taken 4 minutes before the injection of 1 5 mg of tyranune 
Fig 16 The same vessels 0 7 minute after the injection of 1 5 mg of tyramme 
The artenoles have constncted, but not to the point of stoppmg the circulation 
Fig 17 The same vessels 23 5 minutes after the above injection of tyramme This 
photomicrograph was taken 4 minutes before the mjection of 7 0 mg of methylguam- 
dme sulfate 

Fig 18 The same vessels 1 5 minutes after the injection of 7 0 mg of methyl- 
guanidine The artenoles have constncted, but not to the point of interrupting the 
blood flow 

Fig 19 The same vesseL, 27 0 minutes following the above injection of methyl- 
guamdme This photomicrograph was taken 8 5 minutes before the mjection of ^ 
umt of pitressin 

Fig 20 The same vessels 1 1 rmnutes after the injection of ^ umt of pitressin 
The artenoles have constncted to the point of stopping the circulation Stationary 
ery throcy tes, m rouleaux formation, can be seen within the venule 
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HUMAN ALLERGY TO MAMMALIAN SERA 


By frank a, SIMON, M D 

{From the Deportment of Ifedutne UntrersUy of Loutsnlle School of Medtane 
LoutstUle) 

(Received for publication October 31, 1941) 

In a previous commumcation report was made of a study of twenty two 
patients found to be allergic to one or more mammalian sera (1) The findings 
there reported may be summanxed as follows Sbn tests (scratch method) 
were performed on these patients with seven to fourteen mnmmnlmn sera, 
namely those of the horse, cow, dog, guinea pig, hog, rat, rabbit mouse, sheep, 
cat, porpoise, elephant, opossum, and monkc> The tests ga\'e the following 
results Seven patients were sensitive to horse serum but not to any of the 
other sera with which they were tested Seven were sensitive, to some degree, 
to all the mammalian sera with which they were tested Three were sensitive, 
to some degree, to all the mammalian sera with which they were tested except 
one Several were sensitive to two three, or four sera but not to the others 
with which they were tested In Table I are shown the results of tests on 
the four patients mcluded m the present study 

Skin tests performed with serial dilutions of sera on those patients who were 
sensitive to several or all the mammalmn sera with which they were tested 
indicated that the degrees of hypersensitxvcncss to the various sera varied 
considerably m some patients while m others these degrees of hypersensitive 
ness were remarkably similar Local passive transfer tests mdicaled that 
positive skin reactions to the vanous sera were often but not mvanably ac 
companied by transferable reagina 

In those cases in which there were reactions to only one scrum the hyper 
sensitiveness is apparently speaes-speafic lii other cases, howew m which 
there were reactions to several or all the sera with which tests were made, 
several questions arise Is the hypersensitiveness in these cases also speoes- 
Bpeofic? Did these patients become sensitixed to these vanous sera by ex 
posure to each serum individually or is it possible that eipiosiire to one mam 
mallfin serum may result m hypersensitiveness not only to that particular 
serum but also to several or many other mammalian sera? These questions 
arc particularly apphcable to those cases m which there were positive tests to 
the serum of flnimfils such as the gmnea pig, opossum, porpoise and elephant — 
nnimak with which patients had, in all probabihty, no previous contact 
either by way of respiratory tract, alimentary tract, akin, or parenteral m 
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jection A number of authors have reported crossed reactions to mnmTnftlinn 
sera m eipenmental ammnk (5) 


EXPERDIENTAI. 

In order to obtain further evidence studies were made on the serum of four patients 
by the method of in vtiro neutrahaation of antibodies and subsequent local passive 
transfer, as described by Walzer (2) In order to prevent chemical contammabon 
(mixing) of allergens special precautions were taJeen In the cleansing of glassware and 
when lynnges were used for mtradermal tests and antibody neutrahzabon a new 
synnge and needle were set aside and used for each individual nnimal scrum. 

The rcagm-bcaring serum of thepabentO SOcc and the ncutrahxing animal scrum, 
0 50 cc. of 1-100 dilution, were drawn into a I 00 cc tuberculin synnge thoroughly 
mixed, and refngerated in the synnge until the following day This mixture was 
then mjected mtiadermall> , 0 10 cc Into each of eight (or nine) skm sites into a 
person not allergic to any of the sera used. The sites were marked accurately with 
ink and at a later tune, usually after 1 to 3 days each site was tested with a different 
scrum 0 02 cc. Intradcrmally, as mdicated m Tables n to V The controls, as in 
dicatedin the tables, consistcdof (1) chicken scnim 1-100 dilution, 0 02 cc., injected 
mto skm sites previously Injected with a mature of the pabent's rcagm beanng serum 
plus mammalian serum (2) the patient s serum plus chicken serum, refngerated and 
mjected Into skin sites which were later tested with the various mammalian sera and 
also with chicken serum (3) the various mammalian sera, 1-100 dilution 0 02 cc., 
mjected into previously unmjocted (normal) skin sites of the same recipient on whom 
the tests were bemg done. 

Only one mampi.a]lan scnim reogm beanng serum mixture was injected mto a given 
reapient on the some day m order to guard against the possibility of one mam 
niflIiAn serum diffusing from its site of injection and neutrahxmg antibodies at some 
other injection site — antibodies which bad previously been maed with some other 
mflmmalifln serum Tho possibihty of neutrahiabon of anlbodics by allergens 
absorbed from the alimentary tract was considered but it was found that the eating of 
cooked beef (chiefly striated muscle) between the time of mjectioas of the reagm 
bearing scrum and subsequent nkm test did not mterfere with the local passive trans- 
fer reaction to cow serum. 

Expenmenta mvolvmg m vUro neutralization and passive transfer of reagms 
arc subject to certain difficulties, among which were noted 

1 Certam persons are poor reapients, , they do not readily accept local 
passive transfer of hypersensitiveness. 

2 The site of passive transfer may be partially refractory for several days 
after mjection of the reagin-bcanng serum. 

3 F.Trix^ allergen, from the allergen reagm mature, may be absorbed from 
the mjection site and may neutralize reagms at a distant skm site, mcludmg 
those of the positive controls, which, m these experiments were placed m the 
opposite arm 

4 Scrupulous cleanliness of glassware must be observed m order to prevent 
miimg of allergens. It is best to reserve a separate synnge for each allergen 
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Antibody Neulraltzaiton, Case 16 


Incubated injected Into recipient, ikm aite tested with serum of 


plus serum of 

Horse j 

Cow 

Dog 

Guinea pig 

Hog 

Rat 

Rabbit 

Sheep 

CThicfcm 

Horse 


— 

+ + + + 

+++ 

— 

— 

; ++ 

+ + 

— 

Chicken 


+ 

+++ + 

+++ 

± 

+ 

++ 

++ 

— 

Cow 

++++ 



++++ 

++++ 

+ + + 

+++ 

+++ 

+++ 

— 

Chicken 

++++ 

++ 

+ +++ 

H — 1 — 1 — h 

+++ 

+++ 

+++ 

+++ 


Dog 

Chicken 

+++ 

+ 

++++ 

++ 

+ 

+ 

++ 

++ 

- 

Guinea pig 

++++ 

+ -l“ 

++++ 

— 

— 
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+ + 

— 

Chicken 

++++ 

++ 

++++ 

++ 

+ 

— 

+++ 

++ 

— 

Hog 

++++ 

— 

++++ 

+++ 

— 

_j — 1_ 

+++ 

+++ 

— 

Chicken 
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4 — h 

+++ + 
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++ 

+++ 

+++ 

— 

Rat 
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+ 
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— 

+++ 

++ 

— 
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++++ 

++ 

++++ 

+++ 

+ + 

+ + 

+++ 

++ 

— 
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++ 

— 
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++ 

+ 

+ 

— 

++ 

— 
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+ + + 

— 

++++ 

++ 

+ 

++ 

+ 

++ 

— 

Sheep 
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— 

— 1-^ 


+ 

+ 

+-i — h 

— 

— 

Chicken 

++++ 

+ 

A — !-++ 
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+++ 

++ 
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TABLE m 

Antibody NeutraJisatton, Case 22 


Serum of patient plus 

Incubated injected into reapient, skin site tested with lerum of 


Horse 

Cow 

Dog 

Guinea iiig 

Hog 

Rat 

Rabbit 

Sheep 

Chicken 

Horse 

— 

± 

A — t — h 
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+ 

— 

+ + 

++ 

— 

Chicken 


± 

++++ 

++ 

++ 

++ 

+ + 

++ 

— 

Cow 

++++ 

— 

++++ 

++++ 

+++ 

+++ 

++ 

+++ 

— 

Chicken 

++++ 

+ 

++++ 

+++ 

+++ 

+++ 

++ + 

+++ 

— 

Dog 

Chicken 

+ 

± 

++++ 

++ 

+ 

+ 

+ + 

+ 

- 

Guinea pig 

+ 

— 

-1 — (-++ 

_ 

± 



+ 

+ 


Chicken 

++ 

± 

++H — h 

++ 

++ 

++ 

+ + 

+++ 

— 

Hog 

+++ 

+ 

++++ 

++ 

— 

— 

+ + 

++ 

_ 

Chicken 

++++ 

+ 

++++ 

++ 

+ 

+++ 

+++ 

++ 

— 

Rat 

++ 

— 

++++ 

+ 





+ 

+ 


Chicken 

A — 1 — h 

± 

++++ 

++ 

++ 

+++ 

+ + 

++ 

— 

Rabbit 

+ + 

± 

+++ 

+ 





' 

± 


Chicken 

++ 

± 

+++ 

++ 

+ 

+ 

+ + 

++ 

— 

Sheep 

+++ 

— 

++++ 

+ 

± 



+ 


_ 

Chicken 

A — h+ 

— 

++++ 

-1 — h + 

++ 

++ 

H — \- 

++ 
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TABLE IV 
if^raluoiMn, Cm* 21 



TABLE V 

AnliMy Ncaircluaiicn Cut 18 
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For these and other reasons it was often necessary to repeat the transfers 
several tunes in order to obtain satisfactory residts The results of many ex- 
perunents had to be discarded enturely When precautions are observed and 
the proper controls earned out, however, it is beheved that the results are 
reliable and warrant certam deductions 

FINDINGS 

As mdicated m Tables n to V the hypersensitiveness was partially species- 
specific as proven by the fact that, m each case, one particular m a mmalian 
serum (dog m cases 16 and 22, horse m No 18, sheep m No 21) neutralized 
reagins for all mammalian sera with which tests were made, whereas the other 
mammalian sera neutralized reagms for themselves alone or for themselves 
plus one or several additional sera but not for aU sera The abdity of any 
particular mammalia n serum to neutralize reagms for other mammalian sera 
vaned with the diflFerent reagm-bearmg sera, thus mdicatmg that the reagins 
for any one particular mammalia n serum differed m different mdividual 
patients 

DISCUSSION 

The neutralization by one allergen of antibodies for another allergen may bfc 
explamed m three ways (1) By assuming that antibodies are not absolutely 
specific but may react not only with the allergen which stimulated their pro- 
duction but also with other allergens havmg a closely related chemical struc- 
ture Evidence that this is one correct mterpretation has been presented by 
Landstemer workmg with artificial, conjugated compounds (5) (2) By as- 

summg that immunologically related substances, such as mammalian sera, are 
mixtures of two or more allergens and contam one or more of these allergens 
m common (3) By assummg that a smgle molecule may contam multiple 
allergemc determinants and that different chemical compounds obtamed from 
different sources contam one or more of these determinants m common, as 
suggested by the work of Hooker and Boyd (6) 

In several of the cases reported here it will be observed that antibodies for 
a given mammalian serum, obtamed from one patient, were neutralized by 
several other mammalian sera, whereas antibodies for the same serum, ob- 
tamed from another patient, were not entirely neutralized by the same sera 
This fact defimtely proves that the antibodies for this piarticular mammalian 
serum obtamed from two different sources are not identical These differences 
m antibodies may be partially explamed by assummg that the antibodies were 
brought mto existence as the result of stimulation by different allergens, m 
one case, for example, by an mjection of horse serum, m another by the eatmg 
of mutton, and m a third by the inhalation of dog dander, and so forth 

Several of the ongmal twenty-two patients mcluded m the previous report 
were sensitive to only one of the sera with which they were tested Others 


F2AMC A. SmON 


321 


were sensitive to several sera m varying degree, the reactions ranging from 
strongly positive to certain sera to negative to one or more other sera The 
degrees of sensitivity to these different sera vaned greatly in different patients, 
certain sera gave strongly positive reactions in some patients and negative 
reactions m others It follows that the (fixed tissue) antibodies m these pa 
tients are different. The absorption experiments described above have demon 
strated that the antibodies, m some cases, ore not entirely speaes-speofic. 
These facts suggest that the antibodies for a given mammalian serum, ob- 
tamed from different patients, arc directed against (specific for) different 
allergenic elements m that serum 

The fact that several of these patients were found to be sensitive to all the 
mammalian sera with which they were tested, except human serum, suggests 
the possibUity of an allergen common to all mammalian sera except that of 
man This assumption logically calls for another, namely, the existence of 
an allergen common to all mammntmn sera except that of the horse, etc. 
Thus each mammalian serum would be assumed to be characterized not only 
by a speaes-speofic factor hut also by the ah^enu of an allergen common to 
all other mammalian sera, and the presence of innumerable common allergens 
— a condusion which is very improbable, if not absurd This difficulty may 
be overcome, however, by assuming the existence of a relatively small number 
of allergenic complexes or determinants, present In the various mnmmniinn 
sera m different numbers and combinations, certain of the complexes bemg 
absent m certain sera and present m other sera. One may suppose that mam 
malian sera contam many allergenic elements Among these there is at least 
one for each speaes which is speaes-speofic The others vary m their dis- 
tribution among different speaes, Certam of these dements have a wide 
distribution, while others have a more limited distribution The scrum of any 
one speaes of mammal 13 la rkin g m onc or more of the elements which are pres- 
ent m the sera of some of the other speaes One would have to assume that 
different human Individuals react differently m their response to the same 
complex of allergenic sUmuh (3) This assumption, howev’er, is in agreement 
with the clinical fact that different individuals in the same environment, m 
haling the icinie substances (pollens, for example) become sensitized to differ- 
ent substances or to the same substances m different degrees It is also m 
agreement with the experiment of Landsteiner, tl of (4) (in another type of 
allergy) m which two chemicals, paramtrosodimethylamhne and dinitro- 
chlorobenzene were apphed to the skin of man Certain mdividuala became 
sensitized only to the former, others only to the latter, while others became 
sensitized to lx)th but m varying degree to each 

This hypothesis explains (1) positive reactions to many mammalmn sera m 
persons who have probably had contact with only onc or a few of these sera, 
(2) positive reactions to certam sera, such as those of the guinea pig, porpoise, 
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opossum, and elephant, contact with which (even through the medium of the 
respective danders) is verj' rare m the general population, (3) positive skm 
reactions to horse serum m persons m whom there is no history of contact with 
horses and no history of mjection of horse serum preparations In such cases 
the hypersensitiveness may have resulted from the eatmg of (partially cooked) 
beef, pork, mutton, or other mammalian meat, or perhaps from the inhalation 
of the dander of the cat, dog, or other mammal This hypothesis does not, of 
course, exclude the possibihty of species-specific sensitivity to several different 
mammalian sera m the Same mdividual, nor does it deny the possibihty that 
antibodies may react with substances closely related chemically to those 
which st imula ted their production 

^ SUMMARY 

Four patients allergic to many mammalian sera were found to have circu- 
latmg, skm-sensitizmg antibodies for these sera A study of these antibodies 
by i« •oiiro neutralization and subsequent local passive transfer showed that, in 
the case of each patient, one particular mamma lian serum neutralized anti- 
bodies for all sera whereas other mammalian sera neutralized antibodies for 
themselves alone or for themselves plus one or several additional sera but not 
for aU sera The possibihty of multiple common allergemc determinants m 
mammalian sera is discussed 
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Brtuinoid:) 

PutTESQTOll 

(Received for publicabon, December 4 1941) 

The demorwtnition that the method of yolk sac inoculation, first used sc 
successfully by Cor (1) m his investigations on Rtciciistae, could be applied 
with success to the growth of the agent of lymphogranuloma venereum 
(2) has stimulated more extensive mvestigations of this disease and its causa 
tivc agent (3-12) Amongst other studies which have been made is one of the 
nature of the development of the agent m the cells of the yolk sac This has 
been the subject of a prelunmary communication elsewhere (13) The pur- 
pose of the present paper is to describe this development m detail with regard 
both to morphological changes and to concomitant changes m the infective 
titre of the yolk sac 

The first dcscnption of apparently specific Inclusions In connection with lympho- 
granuloma venereum was given by Gamna in 1923 (14) and again in 1924 (15) when 
the observations were confirmed by Favre (16) Both these observers noted in 
mononuclear cells from Infected lymph nodes, whether in the natural human disease 
or m experimental dise.ise in guinea pigs, cytoplasmic mclusions varying in sixe from 
those which were barely visible to others 4 m diameter These might be multiple 
in one cell, varied In size, and were often either vacuolated or contained an aadopbilic 
center and basophilic penphery They were not found tn other conditions or m 
normal lymph nodes. S imilar bodies were seen In lymphogranuloma venereum by 
Todd (17) In publications in 1933 (18) end 1938 (19) Findlay cast doubt on the 
virus nature of these bodiobecausc many of them give a positive reaction for thymo- 
nucleic add, but m retrospect it seems probable that they do represent different stages 
in the devebpment of the agent 

Inl927Gay Piictodcsaibed5maUbodie5whichsccniedtobcspecific(20) These 
appeared both within and between the monocytes surTOundlng the abscesses they 
were of 1 m or less In sue, were mostly round, oval or semilunar and were metachro- 
matic. Twelve or mote might appear m the cytoplasm of a smglc celL In 1933 
Findlay (18) aUo described bodies to those of Gay Pneto These were found 

in human material and m the experimental disease m monkeys, guinea pigs and 
mice They were from 1 to 4m m diameter and were found m lymphocytes, In plasma 

323 


324 


LYlIPHOGRANTJLOAtA VENEREUM I 


cells, or Ijong free They were basophihc and the smaller ones sometimes occurred 
m large masses 

In 1935 iliyagawa and his associates descnbed for the first time “granulo-cor- 
puscles” about 0 3 m m diameter which resembled closely the elementary bodies of 
other viruses (21) These bodies were found in monocytes, leucocytes, and ghal cells 
m the brains of intracerebrally infected monkeys They were sohtary, m pairs, or in 
groups , did not give a Feulgen reaction , and were negative with Gram stam Smular 
bodies V ere found m all human matenal from cases of lymphogranuloma venereum 
In a subsequent paper (22) similar bodies were descnbed m monocytes, ghal cells, 
and neurones of mtracerebrally infected mice In advanced lesions they mcreased 
markedly in number so that they came finally to fill the mfected cell Although not 
mentioned in the text, the illustrations for both these papers suggest that the specific 
bodies may vary m size The presence of these bodies was soon confirmed by other 
mvestigators, for example Nauck and Malamos (23), who noted that they resembled 
closely the elementary bodies of psittacosis m then staimng reactions with Giemsa 
stam In the preparations of these authors paired forms were common The ele- 
mentary bodies often occupied vacuoles m the cell cytoplasm or were embedded in a 
(with Giemsa) reddish violet matrix 

Several filtration studies with EUord gradocol membranes were earned out by 
vanous mvestigators and gave results m keepmg with the microscopic findmgs of 
Miyagawa and his associates (21) Thus by such filtration Broom and Fmdlay ar- 
nved at a size of from 125 to 175mM for the elementary bodies (24) 

Differences m size of the virus bodies and m then stammg reactions soon were 
noted (25, 26), and m 1938 Fmdlay and his colleagues suggested that the vnus might 
undergo a developmental cycle (27) In the early lesions m mtracerebrally mfected 
mice large bodies were seen 0 4 to 0 7m m diameter These stamed bluish violet with 
Giemsa and were often irregular m shape, suggestmg fission Intermediate forms 
between these and the reddish violet elementary bodies of 0 1 to 0 175m were seen 
The large forms occasionally occurred massed together mto plaques Malamos (28) 
also noted larger blue stammg bodies m the early stages of the infection of tissue 
cultures of rabbit comeal epithehum These larger bodies mcreased m size and, 
iihile homogeneous at first, were later seen to contam elementary bodies These 
larger plaques became vacuolated and might break up mto shreds and uneven frag- 
ments In a later study Fmdlay and his colleagues gave a more detailed descnption 
of the suggested cycle of development of the agent m the brams of mfected mice (19) 
Followmg intracerebral moculation no vims coidd be seen m smears for some hours 
The imtial bodies a hich were seen were larger than elementary bodies Smee dumb- 
bell hke division forms were noted it appeared that these large bodies divided Com- 
pact masses of large bodies nught result from which mdividual bodies might break 
off, enter other cells, and give nse to elementary bodies but no decision was reached 
as to whether the elementary bodies themselves divided, although pairs and short 
c h a in s were noted When suffiaently numerous m the cytoplasm, the elementary 
bodies formed collections wi thin vacuoles with defimte li mitin g membranes , the mem- 
branes might eventually mpture and hberate the elementary bodies which could then 
infect new cells 

Amongst others who have noted more than one form of the virus bodies are Schoen 
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(29), and Gey and Bang (30) Schoen (29) noted that the first bodies to be seen 
Inside vacuoles in the ependymal cells of infected mouse brains at -18 hours were 2 to 
3 m. By 4 days the bodies had become smallor and rmght be baalhform Gey and 
Bang (30) used a tissue culture of fibroblasts from human thyroid and grer? the virus 
for 05 long os 7 months After 7 days small \ csiclcs were seen m the fibroblasts and 
these later increased in size. The small vesicles contained bodies about Im m diam 
cter but the larger veside* which occupied the whole cell, were filled with bodies 0 2 m 
in diameter which showed brownian movement No large induslons other than the 
vesicles were seen The latter were thought to represent response of the cells to the 
presence of the virus. 


Technique 

All the studies of development described below have been earned out with 
one stram of lymphognmuloma, venereum, namely that obtamed onginally 
through the courtesy of Dr W L Flemmg and termed by us J H However, 
similar morphological elements have been seen m the other three strains 
with which we have worked, one of which was isolated by inoculation of human 
pus into the yolk sac 

\U mocuUtioQS have been made mto the yolk sac of 6 day old chicken embryos (1) 
and ha\e been of 1 ml volume. Suspensions have been made by shaking infected 
yolk sacs for 30 minutes on a machine with suiEaent beef heart infusion broth (pH 7 6) 
to produce a 10 per cent dilution These volk sacs had been freed of moat of their 
yolkby careful draining but hod not been washed Throughout the investigation the 
titre of the virus has remained almost unchanged both for embryos by the yolk sac 
route with on Lp 50 of 10~®, and for mice by the intracerebral route with an Lp SO 
of 1 to4l6 Initudytngthedcvelopmentof the agent in the yolk cells, different dilu 
Uons of infected yolk sac have been used as inoculum as will appear below but a 
dilution of 10"^ or 5 X 10* infective doses has given us the most dgnificant results. 
In titrating the amounts of virus present in the volk cells at different stages oi de- 
velopment the yolk sac method of moculation has been used and eggs surviving for 
15 days after moculation (t^ to the point of batching) have been opened and ex 
for the presence of virus both by amcar and, m many cases, by section The 
titrefi given are therefore those of persistent infection rather than mortahty althoogh 
in most cases these have corresponded Of 363 eggs which were opened on the J5th 
day after infection and found to be alive, 16 or 4 4 per cent have been found by smear 
nr section to be infected In 567 eggs whether dead or ahve found negative on smear 
42 or 7 4 per cent have been found positive on section The yolk sac method has also 
been used In estimating the amount of virus present m embiyomc tissues other than 
the yolk sac. 

In the morphological studies use has been made both of smears or impressions and 
of sections. Smears and impressions arc made by smeanng or gently Impressing on a 
clean gtg** slide a Btoall fragment of yolk sac from which excess free >olk has been 
removed on a gauze sponge For Gram or Macc h iavello stain these smears or hn 
pressions have been heat fixed For Giemsa stam whether the slow or the rapid 
method be used they have been fixed in 95 per cent methyl alcohoL Material for 
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paraffin section has been fixed in Zenker’s or Helly’s fluid After the former fixation 
staimng has been earned out with eosm and methylene blue or with Giemsa After 
fixation with Helly’s flmd Noble’s stam, as desenbed by Yanamura and Meyer (31), 
has been employed 


RESULTS 

As has been mdicated elsewhere (2), during the earher stages of infection 
after yolk sac inoculation, virus could be demonstrated, by mtracerebral in- 
oculation of mice, only m the yolk sac and to a lesser degree m the yolk The 
bram, viscera, and chono-allantois contamed no virus demonstrable by this 
method If the infection were permitted to progress until the embryo was 
monbund or dead and titration were made m the yolk sac results were ob- 
tained as shown m Table I The titre of the ongmal moculum and the conse- 


TABLE I 



Average 50 per cent 
endpoint of xmecuvity 

Outside limits of titre 
in difierent exi>enments 

Yolk sac 

10-8 42 

10-^ to KT® 

Yolk 

10-^0 

10-* to 1(H 

Chono-allantois and amnion 

10-1 85 

10-1 to 10-^ 

Whole embrj o less membranes 

10 -s rr 

10-1 to 10-* 

Bram 

10-1 

10-1 to lO-* 

Skm and muscle 

10-8^9 

<10-* to 10-* 

Lungs 

10-3 as 

10-1 to 10-* 

Liver, kidney, and spleen 

10-3 76 

<10-* to 10-® 


quent pieriod of survival of the embryos did not appear to be of any great im- 
portance as far as the distnbution and titre of virus m the monbund or dead 
embryo were concerned It will be noted that the yolk contamed considerable 
amounts of virus but always less than that found m the yolk sac, while the 
embryo itself or its component tissues contamed much less It seemed clear 
from these results that the multiphcation of the virus was occurrmg pnncipaUy 
m the yolk sac and that the virus found m the other tissues of the embryo 
was due m all probabflity to mvasion of the vessels m the highly vasculanzed 
yolk sac tissue with perhaps shght multiphcation m favorable sites The 
presence of the virus m the yolk was due to the rupture of the mfected yolk 
cells which, as wfll appear below, were often completely filled with virus 
bodies At no tune has there been any evidence of multiphcation m the yolk 
itself, and studies have shown that, far from multiplying m yolk removed from 
the egg, viable virus rapidly disappears and m most cases a startmg titre of 
10* to 10* mfective umts per ml has fallen to zero m 48 hours 
For the above reasons it seemed logical to confine our mvestigations of the 
development of the agent of l 3 Tnphogranuloma venereum to the yolk sac of 
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the embryo The most mformattve results have been obtamed with an in 
oculum of 5 X 10* infective umts, or 1 ml of a 1 in 10 dilution of a heavily 
infected yolk sac, and frequent kiUmg of embryos thereafter for both titra 
Uon and morphological studies Representative titration curves are shown m 
Chart 1 which also mdudes artain important data from the morphological 
studies Table H contains the pertment data. 



In both of these studies large numbers of eggs were moculated by the yolk sac 
method with 1 mL of a 10“^ dilution of a heavily infected yolk sac. At successive 
short lime intervals thereafter 3 eggs were opened and the yolk sacs removed. Small 
fragments of each yoBt sac were used to prepare smears and impressions, larger frag 
mer its were fixed In both Zenker’s and nelly’s fluids, and the remainders of the yolk 
sacs (approximately an equal amount from each of the 3 eggs) were pooled and shaken 
with sufficient beef heart infusion broth to give a 1 in 10 original dilution. From this 
dilution appropriate other dflutions were prepared and 10 eggs moculated with each 
appropriate dilution by the yolk sac techmque. On death of any of these test cm 
bryos, or after IS days incubation m the case of those lumvmg (ue at hatching 
time) smears were made from the yolk sacs and these were stained with Giemsa and 
Macchiavello stains and examined for virus In those cases m which there remamed 
any doubt after examination of the smears, sections were prepared and examined 
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As Will be seen from the titrations there was but shght increase in the titre 
of virus up to 12 hours, during the next 4 hours however the rise in titre was 
rapid, being approximately tenfold This rise was followed by an abrupt faU 
to levels equal to those found at the commencement of the experiment A 
second rise began at about 22 hours and was more sustamed than the early 
rise The maximal titre was reached m about 44 hours and later the titre 
leveled off or actually decreased shghtly, this decrease bemg due presumably to 
the titration of less susceptible eggs which were the only ones to survive for 60 
or more hours 


TABLE n 


50 Per Cent Endpoints of Infecluniy 


Titration I 

Titration 11 

Tune from inoculation 


Time from inoculation to 


to testing of) oik sac 


testing of yolk sac 


hrs 


hrs 


0 

l(H-» 

0 

10-6 17 

4 

10-646 

3 

10^43 

12 

10-5 44 

6 

10-646 

IS 

10-6 16 

10 

10 - 6-6 

18 

10-6 43 

13 

10-6 11 

21 

10-6 U 

16 

10-6 43 

24 

10-6 0 

19 

10-6 66 

28 

10 - T09 

22 

10-647 

36 

10-'' ’1 

25 

10-6 0 

39 
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36 
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63 

jo -846 

42 

10-7 62 

69 

10-8 19 

48 

10-849 



60 

10-941 



70 

10-946 


Some mdication of the morphological changes which accompamed these 
changes m titre are given m Chart 1 These studies of morphology were, as 
has been pomted out above, earned out both by smear and by section Up 
to the first 6 hours occasional virus bodies, elementary bodies, or others, could 
be seen m the smear or more rarely m sections From them stammg reactions 
and morphological characters it was clear that these bodies represented virus 
of the origmal moculum The pieriod during which such bodies were found 
i\as always followed by a short penod m which no virus could be observed m 
either section or smear, and this m turn was succeeded by the rmtial stages of 
the developmental cycle of the virus These mitial stages were always ob- 
sen ed first m section and later m smear and, for the sake of convemence, the 
changes m the former wiU be described first The picture of a cychcal de- 
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vdopment which is given is open to the objection that it is obtained by the 
study of static preparations and must therefore be to some degree guesswork 
However, it may be emphasized that the picture is a composite one which has 
been obtamed by the examination of several hundred yolk sacs m which tissue 
the vinis is very plentiful and extremely easy to see Moreover the relation 
ship of tune to the stage of the development of the virus been so precisely 
worked out that it is now possible to foretell with accuracy the picture which 
will be found m eggs opened at an> given time after receiving a given number 
of infective units of virus 

Following the disappearance of the ongmally inoculated virus, new virus bodies, 
which might or might not be surrounded by halos, appeared m the yolk cells where 
they lay dose to the walls, at about 10 to 12 hours after onginal inoculation. A1 
though in every instance the original moculumconsisted almost entirely of elementary 
bodies which showed after staining by the usual methods an average diameter of 400 
nui, the initial virus bodies seen m the yolk cells bad a diameter of about 1 m or more 
than twice that of the onginal virus particles. Since these initial bodies when first 
seen were verj scanty and consisted of single bodies or at most pairs, it seems prob- 
able that the earlier stages of the cycle were overlooked on account of the small sue 
of the on^nol mfecUng units. These appeared to make use of the first 10 to 12 hours 
to mcrcase m sue until they were readily visible (Fig 1) These initial bodies divided 
much like coca to fonn pairs (Fig 2) tetrads, and small groups (Fig 3) By the 
time that these small groups (as in Fig 3) had begun to appear, defimte structural 
arrangements might be seen The virus bodies appeared to be arranged withm a 
vesicle with a linfitlng membrane which was more clearly defined in some instances 
than mothers. The virus bodies might or might not be arranged close to the surface 
of thm membrane and were already seen to be embedded in a thm matrix. Dii 
ferenbal stains such as Noble s stom (31) showed that all of these virus bodies ap 
parent at thm tims stained green with methylene green as did the thin matnr No 
virus which had retained the basic fuchsin and therefore stained red appeared until 
later Wthin a short time of the appearance of these small groups one began to sec 
besides an augmentation m number of these Initial bodies, a further definite increase 
m sue (Fig 4) Thus by 16 hours bodies of 2 m in diameter were to be found and by 
18 to 20 hours bodies 4 m m diameter were apparent. The matrix in which the bodies 
were embedded had become denser By this time, moreover definite structural 
differentiation might be seen withm these larger bodies With eosin methylene blue 
stain or Giemsa, some of the bodies of between 2 and 4 m were seen to bo vacuolated 
(Fig 5) while with Noble’s stam at 18 hours a few of the brger grecn-staming masses 
were to contain one or more smaller muddy brown bodies which were undoubtedly 

bodies retaining the basic fuchsm seen throu^ the dense green-staining surrounding 
Py 'lO Kr.iir< hnght red elementary bodies withm large green bodies 

or plaques, or lying free were to be seen This is shown m Fig 6 m which a body about 
3.5m ia diameter contains besides a small vacuole two small red bodies about 600 to 
SOOmMmdiametcrcmbeddedinthehomogcDeousdenscgrecncapsule. Theplaques, 
already mentioned above, seemed to be produced by a steady augmentation in sue 
of the larger bodies end only rarely, if at all, by the fusion of two or more bodies 
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Several such plaques might appear m one vesicle (Figs 7 and 8) They might reach 
a diameter of 4 5n without showmg any defimte vacuolation when stamed with eosm- 
methylene blue (Fig 9) but most of the bodies of 3n or greater were markedly vacuo- 
lated (Figs 8, 10, and 11) Individual plaques might reach a diameter of at least Tn 
(Fig 8) In most cases with eosm-methylene blue nothing could be seen in the vacu- 
oles of the large bodies or plaques but occasionally, as m Fig 8, one might see qmte 
defimte httle bodies of the si 2 e of elementary bodies m the vacuoles, and with the 
Noble stain many of the plaques were found to contam few or many red bodies of 
all sizes (Fig 12) However, after the exammation of many preparations one is forced 
to the conclusion that the plaques when they become large and show vacuoles are very 
fragile and in most cases lose their content of elementary bodies dunng the handhng 
necessary in the production of the fixed sections In Fig 11 it would appear that the 
central plaque, which is obviously dismtegratmg, has hberated large numbers of ele- 
mentary bodies which m this case are still to be seen closely surroundmg it 

The changes seen m the first 18 to 20 hours may be summanzed as follows 
The first bodies were seen m the yolk cells at 10 to 12 hours after moculation 
and at this time were more than twice as large as elementary bodies Durmg 
the next 6 hours these bodies mcreased m number (to 40 or more) and size 
(up to 4^) and came to occupy small vesicles m which they were embedded m a 
thm matTLX Between 18 and 20 hours the bodies mcreased stiU more m 
size and formed plaques which might be 7;i m diameter These latter showed 
vacuoles and with certam stams were seen to contam small granules of elemen- 
tary body size By their dismtegration elementary bodies were set free and 
the first cycle might be said to have been completed While therefore m 
many cases the first cycle might contmue for 30 hours or longer, m some cases 
it took only 18 hours, this bemg the shortest period that we have noted It 
must be emphasized that aU the diameters given are those of fixed and stamed 
virus bodies 

The hberated elementary bodies m many cases escaped from the affected 
cell and entered new cells to imtiate new cycles of the same type as that de- 
scribed above 

The first appearance of this new cycle, as heralded by smgle or paired mitial bodies 
close to the walls of otherwise normal yolk cells, was at 28 to 30 hours, te 10 to 12 
hours after the “remoculation” with new elementary bodies, thus confimung the 10 
to 12 hour “silent” period noted m the first cycle If, however, they did not enter new 
un dama ged cells, the history of the elementary bodies seemed to be different New 
s m a ll vesicles were formed m which the elementary bodies divided for the most part 
as such so that the vesicles came to contam enormous numbers of elementary bodies 
embedded m a thm matrix Just below the limitin g membrane bodies of l/i or greater 
might occur but they were less numerous than the elementary bodies Fig 13 to 16 
show the development of these vesicles From small size (Fig 13) they came to 
occupy the whole cell (Fig 14) Later many cells are filled (Fig IS) and finall y, at 
the pomt of death of the embryo, nearly all the cells are so affected (Fig 16) It is 
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difficult to distinguish mdividual elcmcnUuy bodies In the central tnn«» but larger 
bodies may be seen dose to the penphery of the vcsides. 

As has been pomted out above, virus appeared m the smears or impressions 
from 3 to 6 hours later than it did in the sections This was undoubtedly due 
to the fact that m smears the virus was denved by liberation from yolk cells 
da m aged usually by the progress of infection and more rarely by the mompu 
lation used m making the preparations In the earl> hours virus was too 
scanty m the cells, and cell damage was so sbght, that no bodies appeared m 
the smears. Once virus did appear m these preparations however, it went 
through the same cyde as that seen m the sections 

At about 14 hours one began to tec single vims bodies and cv en groups Rtmilar 

to that shown In Fig 17 The similarity of this to the group shown m Fig 3 (in a 
section) IS immediately apparent Slightly later the groups were larger and by 20 
hours were seen to contam bodies of the sue of elementary bodies (Figs 18 and 19) 
With hlacchiaN cUo stam the majority of these bodies stained blue up to 18 hours but 
even at 13 hours red, large bodies were seen Later the proportion of red bodies to 
blue increased but at all times some blue bodies even of the sue of elementary bodies 
were to be seen Intact pbqucs were not seen In smears and any plaques were rare, 
but every now and then plaques In the process of disantegratlonwcrc seen (Fig 20) 
Scattered fragments of matrix were seen m the early stages, at 13 bour8,butlater 
larger masses of matrix in the process of dismtegration were to be seen (Figs 21 to 23) 
In Giemsa stains virus bodies could be seen in these masses, albeit with difficulty but 
with Haccluavello stain red or blue virus bodies stood out clearly against the pale 
blueof thematnx(Fig 23) In much later stages,!^ at 48 hours elementary bodies 
predominated but larger bodies were still to be seen The so called dumbbell forms 
described for psittacosis were seen and appeared to be forms undergomg division and 
separation (Fig 24) At the time of death elementary bodies formed by far the 
majonty of forms seen (Fig 25) In some smears yolk cells containing large numbers 
of elementary bodies were seen (Fig 26) or others m which the masses of elementary 
bodies remamed mtact although dislodged from the yolk cell (Fig 27) Frequently 
one saw monocytes containing virus bodies (Fig 28) but this would appear to repre- 
sent only phagocyto^ of the VITUS particles A photograph (Fig 29) of colonies 
of staphylococa growing m the yolk ceUs is inserted for comparison of sue. 

With Noble’s or MocchiaveUo’s stam the majority of elementary bodies fonrung a 
new inoculum retamed the basic fuchsin and stamed bright red. However as has 
been pointed out above the Imtial bodies were mvarmbly green with Noble a stain, 
and no red bodies were seen until about 18 hours when brownish red bodies (or red 
bodies apparently partly obscured in green capsular material) were seen. With 
Macchiavello’s stam red imtial bodies might appear m smears albeit rarely as early 
as 13 hours Eighteen hours is the time of the first appearance of elementary bodies 
and it might appear from this that the elementary bodies were the essential virus 
bodies, that they always retain the basic fuchsm when exposed to it but that in the 
early stages of the cycle they were concealed m a dense capsule which stamed with 
methylene green (or blue) so that they could not be seen until the capsule became 
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larger and less dense Tliat this sunple’explanation will not suffice, however, is shown 
by the fact that at no stage were all of the elementary bodies red (and this is par- 
ticularly true with Macchiavello’s stam), and furthermore that red bodies might occur 
of at least 2 m m diameter, that is, as large or larger than the imtial bodies It is the 
opinion of the authors that the imtial bodies are furnished with a capsular material 
of their own manufacture (as opposed to the matns: which appears to be derived from 
the cell) and that in the early stage both virus and capsule stain with methylene green 
or blue Later, due to metabohc changes, much of the virus retains the basic fuchsm 
iihde the capsule contmues to stain green or blue This faculty of the virus to stam 
either with basic fuchsm or with methylene blue m MacchiaveUo’s stam is shown by 
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those bacteria that we have studiecL The metabohc changes responsible are not un- 
derstood The nature of either capsules or matrix has not been determmed, it is not 
glycogen and m this respect the virus resembles that of psittacosis (32) and not that of 
trachoma (33) 

When one correlates the changes m titre with the morphological appearances 
the foUowmg facts emerge During the “silent” penod of 10 to 12 hours 
durmg which no virus is observed m the yolk cells, only a very slight rise m 
titre occurs FoUowmg the appearance of mitial bodies, and comadent with 
the visual evidence of multiphcation, the titre rises abruptly irntU about 16 
or 18 hours Then, at the tune when elementary bodies first appear m sec- 
tion and larger numbers of virus bodies appear m the smear, the titre drops 
abruptly and may take 9 to 12 hours to regam its former level It appears 
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probable that the appcanmcc of elementary bodies is related to the rupture 
of many yolk cells and the discharge of virus mto the yolk where most of it is 
lost m titrations of the yolk sacs This loss into the yolk obscures, for several 
hours, the continued mcrease withm the yolk cells, but this period is finally 
succeeded by another and more prolonged one m which the titrc agam rises 
steeply 

When smaller mocula are used as the uutiating dose the results obtamed 
are less spectacular and mformati\’c It is very difficult to follow the results 
as closely as can be done dunng the short period from moculation to death 
which follows the giving of a large inoculum Two features which are usual 
m the titration curves obtained by the use of smaller mocula (Chart 2) ment 
attention The first occurs m the first 24 hours and is a drop m titre below that 
obtamed immediately foUowmg mocubtion It would appear to be due to a 
loss of mfectivity on the part of many of the moculated virus bodies The 
second, which occurs at varymg times from 48 to 96 hours after inoculation, 
dependmg on the size of the ongmal moculum, is a break in the steep nse m 
the titration curve, or even a decrease in litre, seemingly corresponding to the 
break occurrmg m the curve foUowang the large inocula (Chart 1) which has 
been shown to occur at the conclusion of a developmental cycle and the conse 
quent liberation of elementary bodies mto the yolk 

DISCUSSION 

Developmental cycles of equal or less complexity have been described m 
connection with other viruses. Thus Thjgeson found larger mitial bodies 
0-3 to 0 S/i m diameter and smaller elementary bodies at a later stage m both 
inclusion blennorrhea (34) and trachoma (35, 36) As m lymphogranuloma 
venereum, division forms were frequent, m the vesicles or large colomes of 
elementary bodies the larger forms tended to he at the periphery, and the 
larger bodies stamed blue while the elementary bodies stamed reddish blue 
with Giemsa. Thygeson noted the resemblance to the picture seen m psitta 
cosis but pomted out (36) that the matrix surrounding the virus bodies m tra- 
choma and mdusion blennorrhea could be shown to contam glycogen (33) which 
the matrix m psittacosis does not Wc ourselves have not been able to demon 
strate glycogen m the matrix m lymphogranuloma venereum 

Leas resemblance to that of the agent of lymphogranuloma venereum is 
seen m the developmental cyde of vaccmia described by Bland and Robmow 
(37) but certam features of this latter cyde are rcmimscent of the former 

When however attention is turned to the life cyde of the virus of psit taco s i s 
it IS found that the resemblance between this and that described above for 
lymphogranuloma venereum is very stiikmg 

Bedson anrj Bland were the first to draw attention to different develop mental forms 
in psittacosis (32) Observing the spleens of infected mice they described, b eside s 
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the elementary bodies which stained deep purple with Giemsa, larger bodies of l/i or 
more m diameter hich might be circular or oval, appeared m pairs mdicatmg division, 
and stamed hght blue with Giemsa In addition, moreover, there were homogeneous 
plaques several n m diameter of matenal staimng with Giemsa hke the virus bodies, 
which apparentiy divided to give nse to the larger 1 n bodies These m turn divided 
until the stage of elementary bodies was agam reached, the whole cycle from elemen- 
tary body back to the same stage taking 48 to 72 hours In later papers (38, 39) the 
sequence of events was studied more carefully It was found to be regular and 
completion of the cycle occupied 48 hours The infectmg elementary bodies gave nse 
to larger In bodies very soon after entermg the cells These larger bodies multiphed 
as such and formed colomes embedded m a matnx FmaUy the large forms by sub- 
division gave nse to very large numbers of elementary bodies No conclusion was 
reached as to whether the elementary bodies multiphed as such When Bland and 
Canti (40) followed the actual process m tissue culture (of chick lung epithehum) they 
noted first, at 8 hours, round or oval 5 to lO/i plaques which mcreased m size Al- 
though these plaques appeared at first to be homogeneous, actually they contamed 
many bodies In m diameter Later stiU at 18 to 24 hours the matrix became less 
dense and forms intermediate m size between the In bodies and elementary bodies 
could be seen and by 72 hours nothing but elementary bodies was seen, embedded m a 
very hght matrix When these colomes of elementary bodies became enormous they 
eventually burst and set free numerous elementary bodies Like Gey and Bang with 
lymphogranuloma venereum (30) they noted that the elementary bodies of psittacosis 
which lay in a hght matrix surrounded by adefimte hrmtmg membrane, exhibited 
violent browman movement No development occurred outside the cells Levmthal 
(41) also descnbed the developmental cycle m chick embryomc tissue culture He 
noted two types of cycle (a) as it occurs m normal cells with large forms and plaques 
exactly as descnbed by Bedson and Bland, and (6) as it occurs m damaged cells m 
which case the elementary bodies as such divide to form enormous colomes (vesicles) 
of virus bodies Levmthal also noted what he termed involution forms, t e forms 
like dumbbells or others which were pale and vacuolated. Yanamura and Meyer 
(31) more recently have agam mvesbgated the developmental cycle m psittacosis and 
have confirmed m the mam the results of the earher investigators Particularly when 
one exammes the illustrations given m the above papers on psittacosis is one struck by 
the marked s i mila n ty between the picture m this disease and that in lymphogranuloma 
venereum All the developmental forms descnbed for the one disease can be exactly 
duphcated m the other 

The finding of the close morphological similanty between the agents of 
lymphogranuloma venereum and psittacosis is of great mterest m view of 
other resemblances which exist between these viruses Thus Rake, Eaton, 
and Shaffer (12) have shown that antigemc and tropistic sunilanties exist be- 
tween the two viruses and others which appear to belong to the same group, 
and Jones, Rake, and McKee (11) have drawn attention to the fact that the 
earner state may be as frequent and persistent m lymphogranuloma venereum 
as It IS m psittacosis 
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Our own studies described above have confirmed most of the description of 
the cycle as given by Fmdiay and have filled m many details However, we 
have at no time seen any evidence to lead us to beheve that the plaques are 
formed by aggregation of large bodies, rather one has been able to follow their 
formation by steadily increasing size of mdividual bodies, and the evidence 
for direct multiplication of elementary bodies as such would seem to be very 
strong smee, for example, pairs and short chains are of common occurrence 
On the whole our interpretation of the different picture seen at different stages 
after infection resembles most closely that given by Levinthal (41) for the 
(^de of development of the virus of psittacosis In addition to the morpho- 
logical changes we ha\e been able to demonstrate constant changes in mfecUve 
titre m the affected tissue and to correlate such changes to the morphological 
picture 

Bedson (38) and Bedson and Bland (39) beheved that the large bodies m 
psittacosis had less virulence for mice than hod the elementary bodies and 
gave evidence m support of this dalnn There is no reason to beheve that m 
the case of 1> mphogranuloma venereum any such decreased virulence of large 
bodies for the embryo occurs and, m fact, a consideration of the facts pomts 
against it Thus, as is shown m Chart 1 or m Table H, an original moculum 
of 5 X 10* infective units gives a Utre of approximately 10^-* on immediate 
titration of the yolk sac. It is known that the infecU\e units m this original 
moculum are almost all elementary bodies They cannot be seen m the yolk 
cells m sections prepared immediately after moailation nor is any virus seen 
until about 10 hours when the larger initial bodies appear It seems more than 
probable that such imtud bodies, which are always smglc, when first -een and 
proceed ahortly to divide, are derived by mcrease m size of the original ele- 
mcntar> bodies. And this Is borne out by the fact that the infective litre of 
thq yolk sac remains approximately unchanged dunng this early period It 
certainly docs not decrease as would be the case if these imtial bodies had a 
virulence less than those of the elementary bodies from which they are de- 
rived 


SUUMAEY 

Mokrng use of the fact that the cells of the yolk sac of the developmg embryo 
are readily infected with the agent of lymphogranuloma venereum and that 
the VITUS bodies can be readily observed m these cells because of the structure 
of the latter, the development of this agent has been followed at short mtervals. 
It hft.q been found to go through a regular cycle of development similar to that 
described for psittacosis m the spleen and less fully for lymphogranuloma 
venereum m the bram of infected mice The development as observed micro- 
scopically mn be shown to run paralld to changes m the infective titre of the 
yolk sac os tested m other eggs 
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EXPLANATION OF PLATES 
Plate 9 

Fig 1 Single virus body Eosm-methylene blue X1200 
Fig 2 Pair of virus bodies Eosm-methylene blue X1200 
Fig 3 Early vesicle contairung several virus bodies Eosm-methylene blue 
X1200 

Fig 4 Larger virus bodies and groups Eosm-methylene blue X1200 
Fig 5 Larger virus bodies, one at top vacuolated. Eosm-methylene blue 
X1200 

Fig 6 Elementary bodies m plaque Noble XI 200 

Fig 7 Group of plaques and large bodies Eosm-methylene blue X1200 

Fig 8 Multiple vacuolated plaques Eosm-methylene blue X1200 
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EXPLANATION OF PLATES 
Plate 9 

Fig 1 Single virus body Eosm-methylene blue X1200 
Fig 2 Pair of vmis bodies Eosm-methylene blue X1200 
Fig 3 Early vesicle contammg several virus bodies Eosm-methylene blue 
X1200 

Fig 4 Larger virus bodies and groups Eosm-methylene blue X1200 
Fig 5 Larger virus bodies, one at top vacuolated. Eosm-methylene blue 
X1200 

Fig 6 Elementary bodies m plaque Noble X1200 

Fig 7 Group of plaques and large bodies Eosm-methylene blue X1200 

Fig 8 Multiple vacuolated plaques Eosm-methylene blue X12CK) 
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PLATE 9 




Plate 10 

Fig 9 Disintegrating and intact plaques Eosin-methylene blue X 1200 
Fig 10 Vacuolated plaque Eosm-methylene blue X 1200 
Fig 11 Dismtegratmg vacuolated plaque surrounded by elementary bodies 
Noble X 1200 

Fig 12 Virus bodies m plaque Noble X 1200 

Fig 13 Medium vesicle Fxisin-methylene blue X 1200 

Fig 14 Large vesicle Eosm-methylene blue X 1200 

Fig 15 Three large vesicles Eosm-methylene blue X 1200 

Fig 16 All cells filled with \nrus Eosm-methylene blue X 1200 
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PLATE 10 




Plate 11 

Fig 17 Group of virus bodies m smear Giemsa X 12(X) 

Fig 18 Large group of virus bodies m smear Giemsa X 1200 

Fig 19 Group of elementary and larger vmis bodies Smear Giemsa X 1200 

Fig 20 Disintegratmg plaque Smear Giemsa X 1200 

Fig 21 Disintegrating matrix Smear Giemsa X 1200 

Fig 22 Disintegratmg matrix Smear Giemsa X 1200 

Fig 23 Dismtegratmg matrix. Smear Macchiavello X 1200 

Fig 24 Elementary and pair virus bodies Smear Giemsa X 1200 

Fig 25 Elementary bodies Smear Giemsa X 1200 

Fig 26 Elementary bodies m yolk cell Smear Giemsa X 1200 

Fig 27 Large mass of virus from yolL cell Smear Giemsa X 1200 

Fig 28 Phagocyted virus m monocyte Smear Giemsa X 1200 

Fig 29 Colomes of staphylococa m yolk cells Eosm-methylene blue X 1200 
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SEROLOGICALLY REACTIVE POLYSACCHARIDES PRODUCED 
THROUGH THE ACTION OF BACTERIAL ENZYMES* 

L Dexthan op Letjconostoc iiESENTEaoiDEa moil SucaosB 
By EDWARD J HEHRE, JLD , ako JOHN Y SUGG, PilD 
(Fiwn the Dtpariment of Baclenolof^ and Immunology of Cornell Univcntly Htdxcal 
College, Nea York) 

(Received for publication, December 16, IWl) 

A preliminary paper (1) reported that a serologically reactive polysaccharide 
of deztran nature is produced from sucrose through the action of an enxyme or 
some fiimilar heat labile agent contained in stcnle filtered extracts of Leuconos 
toe maenteroides The object of the present paper la to describe the prepara 
tion of the sterile extracts and to compare the chemical and serological proper 
ties of the dextran formed by the bactena free extracts with those of the dextran 
formed m cultures of the living bactena 

Previous workers have reported the production of gum like material from 
sucrose by sterile filtrates denved from various speaes of spore forming baallL 
In 1910 Beijennck (2) described the fonnatioa of “sUme’* on sucrose agar by 
filtered preparations of BaaJlus mesentertcus^ he considered the active prin- 
ciple to be a “synthetically active cmiyme” which he termed nscosaccJiurase 
Hamson, Tarr, and Hibbert (3) reported that a stcnle filtrate of similar badlli 
formed from sucrose on alcohol preapitablc material which gave opalescent 
solutions. Also, it is possible that the production of bactena free “colonies” 
on sucrose agar plates by filtrates of sucrose broth cultures of Bacillus Jluores 
cens which has been reported by Dienes (4) and others represents another mam 
festation of the same phenomenon However, m none of the earher studies 
were the products identified chemically or tested serologically, whereas m the 
present study the product is proved to be an unmunologically reactive poly 
saccharide similar m both chemical and serological properties to the product 
formed in cultures of the living bactena. 

experimental 
Matenals and Methods 

Preparation of the Extracts extracts utilized In the present study were 

from cultures of a strain of Leuconosioc mesentaxndes isolated m this laboratory 
It gave mucoid growth on sucrose mediums and produced awnd from both jylose and 

•This mvcfltigation was aided by a grant from the Ruth B Ettmger Fund. 
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arabmose With this strain of leuconostoc the fundamental prmaple that sero- 
logically reactive matenal could be formed m the absence of the bacterial cells was 
demonstrable with Berkefeld filtrates of sucrose broth cultures That is, these 
filtrates which were apparently sterile as far as could be told by microscopic or cul- 
tural tests showed a gradual increase m opalescence and in serological reactivity when 
stored m the ice box However, for a study of the formation of the polysaccharide 
the filtrates had the disadvantage of contammg only a low concentration of the active 
agent in comparison to the large amounts of the preformed product That dis- 
advantage was met by applymg the prmaple mtroduced by Sevag (5) for the separa- 
tion of protems from polysaccharides when the flmds of sucrose broth cultures were 
shaken with chloroform most of the preformed polysacchande remamed m the super- 
natant, whereas the active prmaple which would subsequently produce the specific 
polysacchande (when added to suaose) was contamed m the chloroform emulsion 
layer With this stram of leuconostoc (which has a highly soluble polysacchande) 
the active agent could also be separated by saltmg-out procedures but the chloroform 
treatment was more convement and was utilized to prepare aU of the extracts used 
m the present expenments 

Some extracts were made from the supernatant flmds of centnfuged cultures but 
for convemence most of them were prepared from the whole cultures without pre- 
hminary removal of the bactenal cells The usual staitmg matenal was a total 
of 5 one-hter lots of culture which had been grown in separate flhsks for about 20 
hours at 23°C , the cultures had received a large inoculum and by the tune they 
were used had already become gummy or viscous, microscopic observation showed 
no evidence of autolysis or dismtegration of the bactenal ceUs The medium in 
wbch the cultures were grown consisted of 1 per cent bacto-peptone (without meat 
extract or mfusion), 0 5 per cent salt, and 5 per cent sucrose This medium afforded 
adequate growth and for the preparation of the extracts had the advantages of 
givmg httle foam when shaken and of contammg only a minimum amount of matenal 
adsorbable upon chloroform 

Each flask of culture was chiUed, shaken by hand for 5 mmutes with 25 cc of 
cold chloroform, and then centnfuged m the cold at 1500 e p m for 5 to 10 mmutes 
The supernatant fluids which contamed most of the serologically reactive poly- 
sacchande and most of the bactena were decanted from the chloroform emulsion 
preapitates which contamed the active prmaple In order to get further separation 
from the preformed polysacchande the emulsion matenal from all of the flasks was 
collected and washed two or three times with cold distilled water, each time the 
emulsion was suspended m 500 cc of water and then sedimented by low speed cen- 
trifugation and carefully separated from the wash flmd In order to free the active 
prmaple from its combination with the chloroform the washed emulsion matenal 
was treated with 500 cc. of cold 95 per cent ethyl alcohol, m which the active agent 
was insoluble The particles were brought into a finely dispersed state and this 
alcohol suspension was centnfuged m the cold at high speed for 40 mmutes The 
alcohol was decanted and, after the tubes had dramed for an hour m the refngerator, 
the preapitate was extracted with SO cc of distilled water and adjusted to about 
pH 7 5 with 0 1 X NaOH After removal of insoluble particles by centrifugation 
at high speed the extracts were filtered through Berkefeld W filters which had been 
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toted by tbe “bubbling pTcasuxc” method and found to emit air onlj at or above a 
pressure of 680 mnn of mercury The filtered extracts were adjusted to pH 6,0 
and then stored in a brine-cooled chamber at a temperature sli^tly below 0®C. 

Sienitiy ConiroU — Each extract was examined carefully by microscopic and cul 
tuml methods and in no instance were any microorganlsmi detected. No dis- 
infectants were added to the extract-substrate mixtures but all of the constituents 
had been slenlixed either by filtration or by autoclaving and aseptic technique was 
employed m the preparation and subsequent handling The stenhty of the extract 
substrate mixtures was well controlled by microscopic and cultur^ tests made at 
oppropnatc intervals during the Incubation periods as well as at the bcgmmng and 
end of the exper im ents The cultural tests consisted of Inoculabons in sucrose 
peptone broth and agar slants and also m broth and agar slants enriched with stcnle 
(filtered) unheated cane juice all these mediums were known to be adequate for 
growth of Icuconostoc bactena and those ennehed with the unheated cane jmee 
can be regarded os fumishmg an espcoally rigorous tesL From the results of the 
numerous sets of controls we feel certain that all of the observed reactions occurred 
In the complete absence of bacteria.^ 

PoUncy of tk€ Extracls — ^The present paper docs not include any systematic data 
on the miniTnal Ume and the minimal concentration of extract whidi arc required 
for the production of demonstrable amounts of the polysaccharide, but some informa 
ton on both those pomts was obtained- In respect to lime, if the extract was used 
in dilutions of 1 2ori 4 m mixtures containing 5 per cent sucrose significant amounti 
of reactive material were regularly produced within 1 to 2 hours at either 23 or 37*C 
In respect to mmlmal amount of extract, dilutions of 1 1000 of all and of 1 10,000 
of meat of them would form demonstrable amounts of the polysaccharide In test 
mixtures contaimng 5 per cent sucrose if meubated for 20 days at 23®C 

Serological Tesit — All of the antiserums were from rabbits The dextxan of the 
present strain of leuconcsloc reacts with Type 2 and 20 anbpneumococcus as 
well as with antilcuconoatoc scrum (6, 7) m the many comparative titrations 
which we have made the mnge of dilutions of the dextrans which gave prcapi 
tation was usually essentially the same for those three kmds of antiserum. Hence, 
m most experiments of this paper the dextran produced by action of the extracts 
was measured on the basis of tests with only one of the antiserums, usually Type 2 
anbpncumococcus. The dextran also reacts to some extent with Type 12 antipneu 

* Tubes of sucrose broth if inoculated with as much as 0 5 cc. of the extracts be 
came opalescent but the opalescence can be accepted simply as an intnnsic property 
of the polysaccharide product formed from sucrose by the active principle of the 
extracts, no bactena were demonstrable m the opalescent solutions either by direct 
examination or by subculture, and no change m pH or titratable acidity was evident 
whereas with Icuconostoc bacteria an increase in aadity would have occurred. Fur 
ther evidence that the opalescence did not represent microbial growth was that its 
development was neither more rapid nor finally greater m amount when the extracts 
were inoculated In sucrose mediums (broth or unheated sugar cane jmee) which could 
support luxuriant growth of the bactena. than when the same extracts were added to 
aqueous sucrose solutions in which Icuconostoc bactena could grow poorly if at aU- 
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arabinose With this strain of leuconostoc the fundamental pnnaple that sero- 
logically reactive matenal could be formed in the absence of the bacterial cells was 
demonstrable with Berkefeld filtrates of sucrose broth cultures That is, these 
filtrates which were apparently stenle as far as could be told by microscopic or cul- 
tural tests showed a gradual mcrease in opalescence and in serological reactivity when 
stored m the ice box. However, for a study of the formation of the polysaccharide 
the filtrates had the disadvantage of containing only a low concentration of the active 
agent m comparison to the large amounts of the preformed product That dis- 
advantage was met by applymg the prmaple mtroduced by Sevag (5) for the separa- 
tion of proteins from polysacchandes when the flmds of sucrose broth cultures were 
shaken with chloroform most of the preformed polysacchande remained m the super- 
natant, whereas the active prmaple which would subsequently produce the specific 
polysacchande (when added to sucrose) was contamed m the chloroform emulsion 
layer With this stram of leuconostoc (which has a highly soluble polysacchande) 
the active agent could also be separated by saltmg-out procedures but the chloroform 
treatment was more convement and was utilized to prepare aU of the extracts used 
m the present experiments 

Some extracts were made from the supernatant fluids of centnfuged cultures but 
for convemence most of them were prepared from the whole cultures without pre- 
hminaiy removal of the bactenal cells The usual startmg matenal was a total 
of 5 one-hter lots of culture which had been grown m separate flasks for about 20 
hours at 23°C , the cultures had received a large moculum and by the tune they 
were used had already become gummy or viscous, microscopic observation showed 
no evidence of autolysis or dismtegration of the bactenal cells The medium in 
which the cultures were grown consisted of 1 per cent bacto-peptone (without meat 
extract or infusion), 0 S per cent salt, and 5 per cent sucrose This medium aflforded 
adequate growth and for the preparation of the extracts had the advantages of 
giving httle foam when shaken and of contaming only a TnimmiiTn amount of matenal 
adsorbable upon chloroform 

Each flask of culture was chilled, shaken by hand for 5 mmutes with 25 cc. of 
cold chloroform, and then centnfuged m the cold at 1500 k p m for 5 to 10 mmutes 
The supernatant fluids which contamed most of the serologically reactive poly- 
sacchande and most of the bactena were decanted from the chloroform emulsion 
preapitates which contained the active pnnaple In order to get further separation 
from the preformed polysacchande the emulsion matenal from all of the fliiskg was 
collected and washed two or three times with cold distflled water, each tune the 
emulsion was suspended m 500 cc of water and then sedimented by low speed cen- 
trifugation and carefully separated from the wash flmd. In order to free the active 
pnnaple from its combination with the chloroform the washed emulsion matenal 
was treated with 500 cc of cold 95 per cent ethyl alcohol, m which the active agent 
was insoluble The particles were brought mto a finely dispersed state and this 
alcohol suspension was centnfuged m the cold at high speed for 40 mmutes The 
alcohol was decanted and, after the tubes had dramed for an hour m the refngerator, 
the preapitate was extracted with 50 cc of distilled water and adjusted to about 
pH 7 5 with 0 1 \ NaOH After removal of insoluble particles by centrifugation 
at high speed the extracts were filtered through Berkefeld W filters which had been 
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tested b> the “bubbling pressure" method and found to emit nir only at or above a 
pressure of 680 mnn of mercury The filtered extract* were adjusted to pH 6 0 
and then stored m a hrjne-coolcd chamber at a temperature shghtly below 0®C. 

SUrUUy CottIroU — Each extract was examined carefully by nuaoscopic and cul 
lural methods and in no instance were any microorganisms detected No dis- 
infectants were added to the extract-substrate mixtures but all of the constituents 
had been stenhied either by filtration or by autoclaving and aseptic technique was 
employed m the preparation and subsequent handling The stenhty of the extract 
substrate mixtures was well controlled by microscopic and cultur^ tests made at 
appropriate intervals during the incubation penods os well as at the begmnmg and 
cad of the experiments The cultural tests consisted of inoculations in sucrose 
peptone broth and agar slants and also m broth and agar slants ennehed with sterile 
(filtered) unhealed cane juice all these mediums were known to be adequate for 
growth of Icuconostoc bacteria and those ennehed with the unbeated cane juice 
can be regarded oa furnishing an especially ngorous test From the results of the 
numerous sets of controls we fed certain that all of the observed reactions occurred 
in the complete absence of bacteria ‘ 

Poit/tcy of tke Exirads — The present paper docs not indude any systematic data 
on the punirrml and the mininui concentration of extract which arc required 
for the production of demonstrable amounts of the polysacchandc but some informa 
tioaonboth those pomta was obtained. In respect to ume» if the extract was used 
IQ ddutioas of 1 2orl 4 m mixtures containing 5 per cent suoose significant amounts 
of reactive material were regularly produced within 1 to 2 hours at either 23 or 37*C, 
In respect to minimal amount of extract dilutions of 1 1000 of all and of 1 10 000 
of most of them would form demonstrable amounts of the polysacchande m test 
mixtures containing 5 per cent sucrose if incubated lor 20 days at 23 C 

5cro/offcaf Tedr — of the antiserums were from rabbits> The dextian of the 
present stram of Icuconostoc reacts with Types 2 and 20 antipneumococcus as 
wcH as with antileuconostoc serum (6 7), in the many comparative titrations 
which we have made the range of dilutions of the deitrans which gave predpi 
tation was usually essentially the mmp for those three kmds of antiserum. Hence, 
in most experiments of this paper the dcxtnin produced by action oi the extracte 
was measured on the basis of tests with only one of the antiserums, usually Type 2 
antipncumococcus. The deitran also react* to some extent with Type 12 antipneu 

^ Tube* of sucrose broth if inoculated with as much as 0.5 cc. of the extracts be- 
came opalcaccnt but the opalescence can be accepted simply as an intnnsic property 
of the polysacchande product formed from sucrose by the adave pnndple of the 
extracts, no bactena were demonstrable m the opalescent solutions either by direct 
examination or by subculture and no change in pH or btratable aridity was evident 
wlicreas with Icuconostoc bactena an mexease in aadity would have occurred. Fur 
evidence that the opalescence did not represent microbial growth was that its 
devdopment was neither more rapid nor finally greater In amount when the extracts 
were moculated m sucrose mediums (broth or unheated sugar cane juice) which could 
support luxuriant growth of the bacteria than when the same extracts were added to 
aqueous sucrose solutions in which Icuconostoc bactena could grow poorly if at all. 
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mococcus serum but smce this cross reaction occurs only with relatively high con- 
centrations of the antigen the Type 12 antiserum by itself was unsmtable for routme 
measurement of the product of the action of the extract 

The leuconostoc antiserums were produced by immunization with bactena grown 
in sucrose peptone broth, none of the antiserums we have obtamed with leuconostoc 
grown on glucose mediums have been reactive with the dextran The pneumo- 
coccus antiserums had been produced by immunization with bactena grown m 
infusion broth contaimng no added carbohydrate, with the pneumococa growth m 
a suaose medium apparently is not essential in order to get an antiserum reactive 
with the leuconostoc dextran It should be noted that an occasional lot of either 
Type 2 or 20 antiserum although of high homologous titre may lack the capaaty 
to give the usual leuconostoc reaction (6) 

Action on Sucrose 

A number of lots of sterile extract prepared at different times by the de- 
scribed procedure have been tested and all have had the capaaty of forming 
serologically reactive material from suaose The extracts obviously do not 
represent punfied solutions of the active agent but were adequate to establish 
the general pnnciple of the reaction with sucrose and to permit the isolation 
of the punfied polysacchande product m amounts large enough for chemical 
as well as serological study None of the extracts was entirely free of pre- 
formed polysacchande However, the amount contamed was extremely small 
m comparison to the yield obtamed after mcubation with sucrose, so that there 
could be no doubt that by far the prmcipal part of the polysacchande found in 
the mcubated test mixtures represented material synthesized through the 
action of the sterile extract 

The reaction with suaose was recognizable not only by serological test but 
also by simple observation of the development of opalescence and by chemical 
tests for alcohol-preapitable material and for reducmg sugars The set of 
phenomena which edways characterized the action of the sterile extract is 
illustrated by the data of the foUowmg experiment 

A senes of mixtures consistmg of one part of stenle extract plus one part of stenie 
(filtered) 10 per cent suaose" solution m 0 2 molar acetate buffer pH 5 6 was pre- 
pared m a senes of tubes, for controls similar mixtures with heat-mactivated (30 

- The suaose used throughout the mvestigation was a sample of beet sugar known 
by previous test to be free from matenal reactive with the antiserums (leuconostoc 
and Types 2, 20, and 12 pneumococa) with which the leuconostoc dextrans are 
reactive It was used instead of reagent suaose because the latter usually contains 
significant amounts of matenal reactive with leuconostoc or the related pneumococcus 
antiserums (9, 10) The use for substrate of suaose free of polysacchande which 
IS either identical or closely related to the polysacchande product of the action of 
the extract seemed important for theoretical reasons, particularly because of the 
possible st imul atory influence of the presence of small amounts of the final product 
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rmnutcs at 55®C,) extract were included the meubation waa at 23®C At the time 
intervals listed m Tabic I the mixtures were observed for opalescence and one tube 
of each series was used for tests for alcohol prcapitable material serological re- 
activity, and reduang sugar (8) The alcohol prcapitatcd material was sedimented 
by centrifugation and redissolvcd In salt solution eqmvalent to the ongmal volume 
of the sample, this solution was observed for opalescence, tested for serobgical 
reactivity and for amount of reduang sugar before and after aad hydrolysis for 
the hydrolysis the solution was heated with 1 0 N sulfunc add for 6 hours m a scaled 
tube Immersed in boding water The serological reactivity was determined by 
test against 1 15 dilutions of a Type 2 antipncumococcus rabbit scrum the pre- 
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•Test mixture diluted 1 5 in 10 per cent sodhus acetate before addition of the alcohoL 
t Dilution which gave predpitatian with Type 2 antipneuroococcu* acrum, 
i Only traces (0 02 to 0 03 mg per 1 cc.) of redudng lugan before bydrolyiis. 


apitation reaction was observed oflci 11 hours incubabon at 37®C In the sum 
mary of the results presented m Tabic I the redudng sugars are calculated as glucose. 

It IS evident (Table I) that the development of the different phenomena 
(opalescence, serological reactivity, material preapitable with 1.5 volumes of 

of the enzymatic action. From the practical standpoint of possible confusion m the 
final serological testa the presence of reactive material In the sucrose substrate would 
be important only m the serological test of tdatlvdy low dHuUons of ensyme-sub- 
itrate mixtures Since all the expenments reported were done with sucrose denved 
from beet it should be noted that a suffiaent number of well controlled experiments 
were with cane sugar as substrate to prove that the stenie extracts can also 
form the reactive polysaccharide from sucrose of that origin. 
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alcohol, and free reducing sugar) proceeded at an orderly rate when the un- 
heated extract was incubated with sucrose, and that none of those phenomena 
occurred m the control mixture of sucrose plus heated extract 

The alcohol-preapitable material can be accepted as the product responsible 
for both the opalescence and the serological reactivity of the test mixture, the 
free reducmg sugar represents another product of the action of the bacterial 
extract upon sucrose It is important that throughout the course of the reac- 
tion the amount of free reducmg sugar which had accumulated m the test mix- 
tures was about the same as the amount of reducmg sugar obtamed by aad 
hydrolysis of the alcohol-preapitated material This approximate agreement 
suggests that the action of the extract consists of the conversion of x molecules 
of sucrose mto a poljTner of x glucose anhydride umts plus x molecules of fruc- 
tose Although that mechanism is not proved, data to be presented in Table 
n show that the polysaccharide is a dextran and other experiments which we 
have made mdicate that the free reducmg sugar is fructose ’ 

Chemical and Serological Properties of the Purified Polysaccharide Product 

The facts (Table I) that the serological reactivity which developed m the 
sucrose-extract mixtures was resident m the alcohol-precipitable fraction and 

’ The supernatant fluids of extract-sucrose mixtures from which the dextran had 
been removed by alcohol preapitation, yielded large amounts of glucosazone (iden- 
tified by crystallme appearance and by meltmg pomt) when heated with phenyl- 
hydrazme and sodium acetate That the material from which the glucosazone was 
denved was a product of the action of the extract upon sucrose was proved by the 
lack of formation of glucosazone when the supernatant flmds of mixtures of heat- 
mactivated extract plus sucrose were sub 3 ected to similar treatment These results 
indicated that the reducing substance was either glucose, mannose, or fructose 

More specific evidence was obtamed by experiments u tiliz ing the procedure of 
Ekkert (11) (the low concentration of the reducmg substance m our test mixtures 
prevented the use of the methylphenylhydrazme method and the presence of sucrose 
m the mixtures prevented the use of the usual color tests for fructose) The method 
consists sunpl> of the addition of two or three drops of 4 n NaOH and a imfill piece 
of sohd NaOH to two or three drops of the test solution on a porcelam plate if fruc- 
tose IS present a pmk to blood red color develops which is not given by other common 
carbohj drates When this procedure was apphed to mixtures of sucrose plus active 
extract which contamed from 0 3 to 1 0 per cent of free reducmg sugar, they always 
ga\ e the pmk to red color Control tests with 0 3 to 1 0 per cent solutions of re- 
agent fructose gave pmk to red colors of mtensities comparable to those shown 
b> the sucrcbe-extract mixtures of corresponding reduang sugar content Similar 
tests made upon mixtures of heat-inactivated extract plus sucrose, upon solutions 
contaimng 1 and 10 per cent sucrose, glucose, galactose, xylose, arabmose, maltose, 
or lactose, gave either a jeUow color or no color, the pimfied leuconostoc dextran 
(1 0 per cent) gave no color Thus, although the reducmg sugar formed by the action 
of the extract upon sucrose was not actually isolated and identified there is consider- 
able reason to beheve that it is fructose 
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that this fraction yielded abundant amounts of reducing sugar upon add hy- 
drolysis indicated that the product responsible for the serological reactivity 
was a polysaccharide It seemed important to obtam purified preparations (i 
this product m suffiaent amount for an adequate comparison of its chemical 
and serological properties with those of the deitran polysaccharide which is 
formed m sucrose broth cultures of the leuconostoc bacteria from which the 
extracts had been denved A preparation of dextran from sucrose broth cul 
tures was available from another mvestigation (6) and for the present expen 
ments two lots of polysacchande were prepared utiliamg sterile extracts mnd e at 
times several months apart. 

For lot 1 the teat mixture was 20 cc. of bactenol extract plus 380 cc of sterile 
10 per cent sucrose m 0 1 u acetate buffer solution pH S 6 for lot 2 the mixture was 
300 cc. of the buffered sucrose solution plus 15 cc. of the bacterial extract the fint 
lot was meubated 9 days and the second lot 7 days at 23®C. Control mliturts (heat 
inactivated extract plus sucrose and unheatoi extract plus buffer) were also pre- 
pared and meubated for the same periods. At the end of the incubation penod the 
test mixtures were opalescent and apparently contained adequate aroonnta of the 
polysacdiandc product the control mixtures remained clear and fuithermorc gave 
no preapltate upon addition of 10 per cent sodium acetate and 1 5 volumes of alcohol 

The polysacchande material from lota 1 and 2 was isolated and purified by the 
procedure described for preparation of the dextran from broth cultures (6) After 
addition of 10 per cent sodium acetate, 1 5 volumes of alcohol were added to the 
extract-substrate mixtures the abundant gummy prcapitatc was dissolved in a 
volume of water equal to that of the ongmal mixture and was then repreapitated 
in the presence of acetate by the addition of 1J25 volume* of alcohol This pre- 
apltatc was redissolvcd m 300 cc of water and after the addition of 10 gm. of sodium 
acetate and 5 cc of glacial acetic oad was shaken mechanically vrith chloroform 
to remove any traces of protem (5 12) The chloroform-protein emulsion layer 
was only m amount after the first treatment and was entirely absent after the 
third treatment The protem-free material was then twice prcapitatcd by 1.25 
volumes of alcohol in the presence of acetate the final preapvtate was ground under 
absolute alcohol and dried in vacuum over CaQs at room temperature. The yield 
was 0 70 gm of the purified polysacchande from lot 1 and 0 45 gm. from bt 2, which 
represents, respectively, 175 and 143 mg per 100 cc of the extract-sucrose mixtures. 
It IS noteworthy that the yields obtained through the action of these sterile extracts 
IS greater the yields of polysacchande ordinarily obtamed from whole cultures 
of pneumococci and many other bactena. 

^th of the purified preparations were anaiyred chemically and tested serologically 
The specific optical rotation (sodium H line at 24®C,) of the ongmal products was 
determined with 0 4 per cent solutions For dctcrmimng the properties after by 
drolysis 0.2 gm. of each product was heated for 6 hours with 1 0 n sulfuric aad m 
a tube immersed in boiling water m addition to the analyses for reducing sugars 
(8) and for optical rotation, the hydrolysate was treated with phcnylhydrazine and 
oxidized with mtnc aad (13) fn order to get more specific mfonnation on the nature 
of the reducing sugar m the hydrolyxed matenoL 
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penments It ■nns known from a previous study (6) that absorption with 
leuconostoc bacteria would remove the capaaty to react with the dextran of 
culture source from all of the antiserums listed m Table HI provided the leu- 
conostoc used for the absorption had been grown m sucrose broth, whereas 
absorption with pneumococa (2, 20, or 12) would fail to remove the dextran- 
reactmg capaaty from any of the antiserums other than the homologous anti- 
pneumococcus tj'pe When these experiments were repeated with dextran of 
extract ongm together with dextran of culture ongm, the two behaved exactly 
alike, that is, the absorption treatment which removed the antibodies reactive 
with one always removed the antibodies reactive with the other, and the 
treatments which faded to remove the antibodies reactive with one always 
faded to remove the antibodies reactive with the other ® 

In spite of the st rikin g sundanty m the serological properties from a quah- 
tative standpomt, it should be noted that one lot (No 1) of dextran of extract 
source did not react m as high ddution as did the dextran isolated from the 
culture However, this difference seems relatively unimportant because both 
lots (Nos 1 and 2) of extract ongm reacted m suffiaently high dilution (1 500,- 
000 and 1 1,000,000) to prove the fundamental pomt that polysacchandes 
produced m the absence of hvmg cells can approach if not equal the quantita- 
tive serological capacity of the polysacchandes produced m the usual sucrose 
broth cultures of the bacteria 

Influence of pH upon the Action of the Extract 

The substrate-extract test mixtures m all the previously described expen- 
ments were mamtamed at about pH 5 6 by the use of acetate buffer That 
routme was adopted at the beg innin g of the mvestigation because of an early 
observation that the extracts acted upon sucrose more mpidly at that pH than 
at pH 7 0 In order to get more systematic information on the influence of 
pH the foUowmg expienment was made 

A senes of mixtures consistmg of one part of extract, one part of 20 per cent sucrose, 
and two parts buffer solution were prepared, which gave test systems rangmg from 

5 In addition to fumishmg evidence on the hkeness of the dextrans from the two 
sources, these experiments illustrate an mterestmg difference between Type 2 pneumo- 
coca and leuconostoc bactena m respect to the influence of growth m sucrose broth 
upon the antigemc properties of the two sorts of bactena (6, IS) That is, the 
capaaty to evoke antibodies reactive with the leuconostoc dextran or to remove the 
anti-dextran antibodies from a reactive serum, is possessed by leuconostoc bactena 
which ha\ e been grown in sucrose broth but not by leuconostoc bactena which have 
been grown in glucose broth, whereas Type 2 pneumococa which have been grown 
m plam or in glucose broth can not only evoke the dextran antibodies but also can 
absorb them from antiserums produced by unmumzation with Type 2 pneumococa 
which have been grown either m sucrose or non-suaose broth 
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pH 3 0-9 0, dtiatc buffer waa used for the pH 3 0, acetate for the pH 4,0, 5 0, and 
5,5, phosphate for the pH 6 0, 7 0, and 8 0, and borate for the pH 9 0 mixture. The 
pH which was tested at the beginning and agam at the times of each serological deter 
mination, remained approximately constant m ail the mixtures except the pH 9 0 
borate which dropped to pH 8 5 early in the experiment The test mixtures were 
meubated at 23‘*C, In order to measure the formation of serologically reactive 
matcnal samples were removed from each mixture at the times shown m Fig 1 
and tested m a senes of dilutions against a 1 IS dilution of Type 2 auUpneumococcus 
serum the samples were adjusted to about pH 7 0 by diluting them 1 10 in 0 1 u 
phosphate solution before using them m the scrobgicnl tests. 

It 13 evident (Fig I) that the extract formed sigmff cant amounts of the sero- 
logically reactive material over the relatively wide rone of pH 4 0-8 0 but that 



Fic, 1 The formation of serologically reactive material m extract-sucrose mix 
turea of different pH, 

its action was more rapid between pH 4 0 and 6 0 than at pH 7 0 or above The 
finqj yield of the reactive product was greater m the zone of pH 5 0-^ 0 than 
m more acid or more alkalme systems Four other lots of extract which had 
been prepared at different tunes over a penod of 9 months were also compared 
m test systems of pH 5,5 and 8 2 All of these extracts produced at least 100 
times more reactive material after 5 days incubation at 23®C m the pH 5«5 
mixture than m the pH 8,2 mixture, which mdicates that the results m Fig 1 
are representative of extracts prepared from this strain of leuconostoc. 

Influence of Temperature of Incuhaivm 
The routme temperature of incubation of the substrate-extract test mixtures 
was 23°C The enzyme, however, had the capaaty of forming the sero- 
logically reactive material over a range of at least 3-37®C In cipenments 
made with S different lots of extract, evidence was obtained that considerable 
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inactivation of the enzyme occurs m mixtures mcubated at 37°C For ex- 
ample, the amount of serologically reactive material formed at 37°C was about 
the same as that formed at 23°C durmg the first 5 hours of mcubation, but 
after penods of 3 days the mixtures mcubated at 23°C mvanably contamed 
at least 5 times as much of the reactive product as did the correspondmg 
mixtures mcubated at 37°C This apparent slowmg of the reaction at 37°C 
became even more apparent after 10 and 20 days by which time the mixtures 
mcubated at the low temperature of 3°C contamed about 5 times as much of 
the reactive product as that m the mixtures mcubated at 37°C The amount 
formed at 3°C never equalled that produced by the same extract at 23°C 
durmg the 20 day period of the experiment However, the fact that 3°C 
was suffiaent for a reasonably high degree of activity on the part of the leuco- 
nostoc enzyme is of mterest because at that temperature cultures of those 
bacteria will grow httle if at aU 

Lability of the Active Agent 

The active agent of the extracts is heat-labile control mixtures of heated 
extract (30 mmutes at S5°C ) plus sucrose were mcluded m each experiment 
throughout the mvestigation and m no instance was any reactive material 
formed This routme heatmg treatment was evidently more than suffiaent 
smce 5 mmutes exposure to either 50° or 55°C usually resulted m practically 
complete mactivation whether the extracts were heated m systems of pH 5 S 
or pH 7 0 

Observations on the question of labihty at 37°C were made with several lots 
of extract The active agent m all of them was destroyed more rapidly when 
the exposure (m the absence of sucrose) was m systems of pH 7 0 than when m 
systems of pH 5 5 Individual extracts vaned m the degree to which they 
showed this difference With some the difference was great for example, 
one extract lost at least 90 per cent of its ongmal activity when it was exposed 
for 4 hours at pH 7 0 whereas only a shght loss m activity occurred when it 
was exposed for the same tune at pH 5 5 Controls were mcluded to show that 
the greater labihty at 37°C on the part of extracts held at pH 7 0 was not due 
to any action of the phosphate which was used as buffer The difference m 
the degree of labihty at 37°C which occurred among the mdividual extracts 
suggests that some unrecognized impurity present m different concentrations 
m the vanous extracts may have partiapated m the destruction of the active 
prmciple of the extract Experiments will be made to determme whether or 
not the inactivation at this comparatively low temperature represents an 
oxidative process 


Active Extract from a Glucose Broth Culture 

Cultures of Leucoiwstoc mesenteroides produce abundant amounts of the 
reactive dextran when grown m sucrose medium but produce none of it when 
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grown m mediums in which, glucose or other common carbohydrates ore sub- 
stituted for sucrose The failure of the bacteria to produce the deitian in the 
latter mediums can reasonably be explained on the basis that these mediums 
lack the substrate (sucrose) required for the synthesis of the dextran Never 
thclesa, it seemed of interest to determine whether or not the bacteria after 
repeated passage m a medium lacking sucrose would elaborate the enzyme in 
volved in the dextran synthesis. For the investigation of that question the 
leuconostoc bacteria (which previously had always been grown in sucrose 
mediums) were transferred 9 successive tunes m glucose broth, aod an extract 
was then prepared by exactly the same procedure as previously described 

This extract was found to possess the capaat> to form the polysaccharide 
when added to sucrose, but its potency was low for example, the extract 
derived from the glucose culture when used m a dilution of 1 2 produced about 
the same amount of polysaccharide as did 1 50orl 100 dilutions of the extracts 
derived from sucrose cultures. These results show that the leuconostoc bac 
term can elaborate some amount of the enzyme involved m the dextran syn 
thesis when grown in the absence of sucrose However, the lower degree of 
reactivity of the extract denved from the glucose culture mdicates that the 
presence of sucrose dunng the growth of the bactena has a stimulatory m 
duence upon the elaboration of the enQine. 

DISaJSSlON 

The experiments dealt with the production from sucrose of a serologically 
reactive polysaccharide of dextran nature by the action of sterile filtered 
extracts obtamed from cultures of Leuconostoc inescnitrotdts That other com 
mon caiboh>drates do not yield the polysaccharide which is formed from su 
crose was shown previously (1) and further information on that point wiU be 
given later The active pnaapie m the extracts was heat labile and presum 
ably was an enzyme or combination of enzymes. From the method of prep- 
aration It can be assumed that the active prmaple was “exocellular” or free 
m the fluid of the cultures from which the extracts were obtained. However, 
although It was a less convenient method, active extracts were also obtained 
by grinding the bacterial cells which indicates that some of the active agent 
also occurs withm or upon the surface of the cells 

Jh regard to chemical properties the polysacchande formed by the stenle 
extract was to the polysacchande produced in sucrose broth cultures, 

both could be classified as dextrans on the basis of their high positive optical 
rotation content of reducing sugars after hydrolysis and by evidence 
that glucose comprised at least the pnnapol portion of the hydrolyzed products 
In regard to scrologiad properties the dextrans of extract and of culture source 
were stiikiiiglyfiiniilar not onlym tests a^inat leuconostoc antiserum but also 
m tests against Types 2, 20, and 12 antipneumococcus scrums and m teats 
against a series of vanously absorbed antiserums. This agreement m the 
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antipneumococcus cross reactions and in the reactions against the absorbed 
serums represents evidence of a closer serological likeness between the dextrans 
of the two sources than would be furnished by tests against leuconostoc anti- 
serum alone 

No mtensive study of the mechanism of the action of the sterile extracts was 
made other than to show that the products are formed at a reasonably orderly 
rate and that the reaction, which occurs to some extent over the relatively 
wide zone of pH 4 0-8 0, is more rapid and gives a higher final yield m systems 
between pH 5 0 and 6 0 than at pH 7 0 or above It is of mterest to pomt out 
that the elaboration of the dextran by the active agent of leuconostoc ongm 
has at least two pomts m common with the syntheses of glycogen and starch 
by enzymes of yeast, animal, and plant ongins That is, m regard to the final 
product of the reaction, the leuconostoc dextran like glycogen and starch is a 
complex polysaccharide composed apparently entirely of glucose umts, and 
m regard to the substrate, the sucrose from which the dextran is derived, like 
the glucose-l-phosphate from which glycogen and starch are formed, is a glu- 
coside But the mechanism of formation of the dextran has not been studied 
enough to allow any closer comparison, for example the questions of whether 
or not phosphorus compounds participate and of whether or not the reaction 
IS reversible have not been detenmned 

Although the experiments of this paper mcluded extracts prepared from only 
one stram of Leucoiwstoc meseiiteroides, the possession of a demonstrable 
polysacchande-synthesizmg enzyme is not peculiar to this stram Sterile 
extracts which form serologically reactive polysaccharides s imila r to those pro- 
duced m the correspondmg bacterial cultures, have been prepared not only 
from 5 other strams of leuconostoc but also from group H streptococci, Strepto- 
coccus sahvantis, and several non-spore-formmg badlh (presumably lactobacilh) 
isolated from plants However, for the demonstration of the “enzymatic 
synthesis” of serologically reactive polysacchandes, aU of these kmds of bac- 
teria seem to have at least two advantages over the majonty of microorganisms 
First, the extraordinarily large amounts of the polysaccharide found m the 
whole cultures would mdicate them to be a likely source from which to isolate a 
sufficient amount of enzyme or active agent to produce demonstrable amounts 
of the polysacchande in the absence of the cells Secondly, the formation of 
the polysacchande by these bacteria can be referred to a defimte constituent 
(sucrose or r affin ose) of the medium Of these two advantages the knowledge 
of the substrate is probably the more important, and mdeed the other apparent 
advantage may depend entirely upon it For example, m the case of leu- 
conostoc and of the other kmds of bacteria from which we have prepared 
active extracts, the extraordinarily large amounts of polysaccharide are pro- 
duced only when the medium contains relatively large amounts of the particu- 
lar substance (sucrose and sometimes rafifinose) from which the polysacchande 
IS elaborated, if none of that substance is available none of the piolysacchande 
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IS produced In the case of pneumococa and most other bacteria the actual 
substrates from which the specific polysaccharides are made are entirely un 
known not only m regard to their chemical nature but also m regard to whether 
they represent original constituents of the medium or some mtcrmediate prod- 
ucts of bacterial metabolism But m ather event if it were possible to supply 
the appropriate substances m adequate amount the yield of specific polysac 
chande might perhaps become as abundant os the yield of deatran m sucrose 
broth cultures of leuconostoc. 


SDUUAKY 

A serologically reactive polysacchande of deitran nature was produced 
from sucrose by the action of some etuyme or similar heat labile agent con- 
tamed m sterile filtered eatracts derived from sucrose broth cultures of Leu 
auiosloc mesenteroida Rigorous controls were mcluded to prove that this 
reaction occurred m the absence of microorganisms. 

Purified preparations of the dextran formed by the sterile extracts were 
smular to the dextran elaborated m sucrose broth cultures of the bacteria in 
respect to both chetmeal and serological properties. The serological likeness 
was established not only by tests against leuconostoc antiserums but also by 
cross reactions with antiserums of Types 2, 20, and 12 pneumococd and by 
tests agamst a senes of vanousiy absorbed anhsenims. 
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It was reported in 1939 (2) that hepatic injury, mainly m the form of acute 
focal or diffuse necrosis combined with hit infiltration, occurred irregularly m 
young rats fed a diet devoid of vitamm B (casein 18 per cent, cane sugar 68, 
mellcd butler fat 8, cod liver oil 2, salt mixture 4) and supplemented with thia- 
mine, riboflavin, and pyndoxine. In a group of more than 300 rats, 48 exhib- 
ited hepatic changes of the type describetL In livers of 4 of the rats there was 
diffuse penportal fibrosis. 

Admittedly, even when hepatic mjury was observed under apparently iden 
tical experunental conditions, it was found that it “could not be produced at 
will and was not a regular occurrence ” No proof for an infectious or tome 
origin of the pathological changes m the Uw could be found and the evidence 
favored, rather, a nutritional basis (2) In this connection it a particularly 
noteworthy that injury to the Uver was never encountered m rats which, for 
from 3 to 6 months, had been fed a diet defiaent in the vitamm B complex and 
supplemented with thiamine, riboflavin, and 0.5 gm. of yeast daily Nor was 
hepatic mjury found m mvestigations on nboflavm deficiency (3, 4) mvolving 
apprommately 500 rats which were fed the same basal diet supplemented with 
thiarmne and yeast extract m the form of Peters' eluate (5) As this hepatic 
was not prevented by the admudstration of thiamine, riboflavin, and 
pyndoxme, it was assumed (2) that the hypothetical factor which protected 
the liver must be one that was different from these components of the vitamin 
B complex. 

The madence of hepatic mjury remained practically unchanged m later 
groups of at least 250 rats^ fed a vitamin B free diet, with dally supplements of 
20 micrograms of 20 to 25 micrograms of ribofiavm, and 2 mg of 

choline per gm. of diet (or 10 mg of chohne daily as a separate supplement) 

* A preJiminaiy report of this work has been ma d e (1) 

^ In this niunber is included the senes of 169 rats referred to m footnote 1 of an 
earlier report (6) 
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and with or without the further addition of pyridoxine Injury to the hver 
was also observed in rats which had received pantothenic aad because mani- 
festations of panto theme aad defiaency had become apparent on a diet supple- 
mented with the factors mentioned If the rats treated with pantothemc acid, 
however, survived the first 4 weeks of medication with distmct gam m weight, 
they remamed permanently free from hepatic mjury 
Another group of 25 young rats, weighing between 30 and 35 gm , which had 
received from the start all the supplements m question (vitamm Bi, nboflavm, 
pyndoxme, pantothemc aad, and chohne), exhibited no specific hepatic changes 
even for as long as 8 months after the beginning of the experiment 
One common denominator emerged as a conceivable etiologic factor out of 
the multitude of these variable observations This was the possibihty of low 
food mtake with, at the same time, a sufiSaent supply of several or all the known 
members of the vitamm B complex Limitation of hepatic mjury to rats suf- 
fermg from or convalescing from deficiency of one or more members of the 
vitamm B complex is consistent with this assumption, as the mtake of food is 
probably espeaaUy low and variable under these conditions On the other 
hand, the fact that hepatic mjury is lacking m rats whose fairly normal devel- 
opment IS not mterrupted by defiaency conditions also talhes well with this 
view As a further logical step it could be assumed that the low food mtake is 
assoaated with low casern supply and therefore, m natural consequence, with 
the so called hpotropic activity of casern 
As the amounts of food mgested were not determmed, special mvestigations 
were needed m order to make such a tentative conclusion more plausible In 
the expienments which are reported here, an attempt has been made to employ 
different rations that were low m protem and moderately or distmctly high m 
fat. 

In the meantime Rich and Hamilton (7) have reported the occurrence of anhosis 
of the hver m rabbits maintained on a defiaent diet and its prevention by yeast The 
exact nature of the defiaency was not determmed. Spellberg and Keeton (8) also 
observed cirrhosis of obscure dietary ongm m one gumea pig and one rabbit In this 
connection it should be borne m mmd tha t herbivorous animals, especially rabbits, 
are not altogether satisfactory experimental subjects for the study of hepatic cir- 
rhosis “Reagents which produce the disease m them fail to have the same effect 
on dogs, and from the spontaneous cirrhosis which occurs they would seem to be 
peculiarly susceptible to the disease” (9) 

The production of cirrhosis of the hver m 3 dogs and m 7 rats fed high fat diets has 
been reported by C h a ik off and Connor (10) and by Blumberg (11), respectively 
These results, however, were correlated not to the phenomenon of the hpotropic 
activity of casern but rather to the fat infiltration of the hver 

Expenmental Method 

Rats with an ini t i a l waght of 130 gm. or more, m groups of 10 or more, were fed 
seven different rations, the composition of which is summarized m Table I In all 
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bat a few groups the diets were supplfimcntcd, os a matter of daUy routine, with 20 
microgtams of tbianune 25 microgrami of riboflavin, 20 mlcrogram* of pyndojine, 
and 100 microgranu of calcium pantothenate.* The dafly intake of fo^ was not 
deter min ed. In a few groups 0 J gm of dried brewer’s yeast (Anheuser Busch, Inc.) 
was substituted for the vitamin sui^lements, three tlmg a week. The vitamin 
solutions and the yeast, as well sa the other special supplements, were given sepa 
ratcly, that is, they were not mixed with tho diet 

The feeding period of all the different groups was extended to 150 days or, excep- 
tionally, a few days longer Pathological examination of rats that died before the 
ter m ination oi the experiments followed as soon after death as possible. 

In the overwhelming majority of the animals the diagnosis s^as made only after 
macroscopic and microscopic examination of the liver As stated m the previous 
report (2) in a few rats the cxdtcd, hyperactive behavior might hint the presence of 
disease of the hver Visible jaundice (yellow cars, bile stained unne) was observed 


TABLE I 

CempetUhtt of tho Diets 


CflBiUtnfPt 

m 

DUt 

LD 

Die I 

Lin 

Dkt 

LIV 

S'? 


Casein snwino 

18 

10 

6 

IS 

5 

8 

Lard 1 


20 

23 

20 

20 


CAa 






38 

Melted butter fat 

8 






Canesugur | 

63 

61 

15 

56 


48 

Com starch 







Cod liver oil 

2 ' 

2 

2 

2 

2 

2 

Salt mixture (12) 

4 

4 

4 

4 

4 

4 


even less frequently In the tats in which orTbosu was found at autopsy, greasy 
sparse, matted fur, and brown seborrheic adherent scales on the skin chiefly over the 
back were often observed m life. Clinical asates was suspected In only one rat of all 
the groups under investigation. At autopsy, however asdtea alone and m tho 
presence of especially advanced drrhosis, asates with pericardial and pleural effusion 
were observed several timeK although still rarely Tho effusion fluid was found to be 
frequently bloody Hcmatcmcsis and consequent anemia were equally exceptional 
In these rats the was hypochromic for instance. In rat 6473 tie 

blood count was hemoglobin 45 per cent, red blood cells 3,990 000, white blood ccHs 
6,900, polymorphonucl^ cells 11 per cent, small mononuclear cells 85 per cent, 
large mononuclears 4 per cent. 

The growth curve of rats suffering from hepatic Injury (necrosis or drriiDsis) ex 
hibited varying tendencies, although as a rule, at least in the last stages of the disease, 

* Thiamine chloride riboflavin, pyridoiine, and calcium pantothenate were ob- 
tained from Merck &. Co , Inc , Rahway, New Jersey purified casein, c hol i n e chloride, 
Lcystme, and tyrosina from the S M A. Corporation Chagrin Falls, Ohio and dU 
methionine from both of these sources 
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retardation and even suppression witli final loss of weight seemed to prevail In 
many animals, however, milder forms of cirrhosis were not mcompatible with pro- 
gressive gam m weight. 

The mvestigations reported here have been carried out durmg the last 3 
years on over 360* rats These experiments are bemg contmued with speaal 
emphasis placed on the problem whether or not cirrhosis of the hver once pro- 
duced can be influenced therapeutically Thus far the speaal dietary factors 
have been tested only for the purpose of determining mterference with the 
development of the lesions 

Palliologtcal Ptndvngs 

In the hvers of the rats m the various groups that received different percent- 
ages -of protem and different supplements there is a great vanety of pathologi- 
cal changes Fat mfiltrationm some degree IS almost mvariably present Less 
frequent is parenchymatous or fatty degeneration with variable degrees of fat 
mfiltration The most significant changes are diffuse or focal necrosis, with or 
without accompanymg hemorrhage, and variable degrees of cirrhosis As a 
rule, the neaosis is recognizable m the gross but a considerable degree of cirrho- 
sis may exist without bemg obvious m the gross The necrosis is mainly cen- 
tral and midzonal, but frequently a variable number of entire or almost entire 
lobules is the seat of this change In some hvers large portions of a lobe are 
neaotic, but thrombosis, which nught also account for such massive necrosis, 
was not observed In Tables n to IV, under the headmg “necrosis” are m- 
cluded those hvers which showed only this change Under the headmg “cir- 
rhosis,” however, is mcluded a variable remnant of necrosis Almost mvanably, 
enmeshed m the fibrous connective tissue of the cirrhotic hvers, there is still 
recognizable, m some form, a large or small remnant of the previously necrotic 
parenchyma of the hver This varies from defimtely recognizable partly or 
completely necrotic cells to globules of variable size and shape, most of which 
have a hght yellow or greenish-yellow color m paraffin sections stamed with 
hematosyhn and eosm In frozen sections stained with Sudan IV these glob- 
ules are pink or red and are also peroxidase positive The exact nature of ffiese 
globules has not yet been detennmed Treatment of frozen sections for as long 
as 18 hours with absolute alcohol, methyl alcohol, acetone, ether, petroleum 
ether, xylene, dioxane, or pyridme does not dissolve out the constituent which 
takes the stam with the usual Sudan IV (Herxheimer), naphthol Sudan IV 
(Goldmann), naphthol Sudan black (Lison),* and the globules remam m their 
original form They are presumably necrotic protoplasnuc remnants of the 

* Not all this number are mcluded m this report, 

* The Sudan black method of Lison, modified by Miss Ethel Lieb, techmaan at 
the Institute of Pathology 
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onginal hepatic cells in v?hich hpoidal material a probably m some form of 
mtimate combination with the protem which interferes with its removal by 
hpoid solvents The ^bules, although undoubtedly of cellular ongin but not 
present within cells, give a positive reaction for oxydase (alpha naphthol 
crystal violet method of Loele) Enmeshed also in the fibrous connective 
tissue are smgle cells or small islands of regenerating hepatic cells. These ei 
hibit variation m size of nuclei, some large deeply basophihe nuclei and frequent 
mitoses. In the fibrous connective tissue of an occasional hver there is some 
golden yellow pigment, either withm the cytoplasm of large mononuclear cells 
or In the form of granules of amorphous eitracdlular deposits. Most of this 
pigment give# the reaction for iron and is probably hemosiderin. 

The gross and miaoscopic pictures of difiuse necrosis of the hver, with or 
without hemorrhage, have been described m detail and illustrated m a previous 
paper (1) The changes m these hvers are exactly similar and resemble human 
acute or subacute dififuse necrosis of the hver 

Livers with arrhosis often present m the gross a rough, nodular surface and, 
m severe cases, a typical “hobnail’* appearance (Fig 1), but not infrequently 
the surface of the hver Is relatively smooth and gives no mdication of the degree 
of fibrosis. 

Although the necrosis is usually central and mid zonal, yet the drrhosis is 
mostly periportal However, the alteration of the natural architecture la 
usually so great that central veins are frequently not easily recognizable The 
bands of connective tissue are usually very wide and frequently mclude more 
than one lobule (Fig 2) The probabQity « great that the diffuse fibrosis that 
occurs IS a combination of condensation fibrosis as well as a definite increase of 
periportal connective tissue rcplacmg the degenerated and necrotic parenchyma, 
but exactly how the fibrosis frequently becomes periportal is not yet quite 
clear W^t is clear is that the necrosis evidently precedes the development 
of the arrhosis. In this senes of animals the mulUphcation of bile ducts has 
not been frequent or striking, but m an occasional liver this change has been 
defimte Although the preorrhotic changes are more like those of so called 
“tone arrhosis” or the predrrhohe stage of so called “acute yellow atrophy,” 
yet the picture is more like that of Lafinnec’s arrhosis of both the multi 
lobular and monolobular varieties. There is no exact correlation between the 
degree of fat infiltratiou and the degree of cirrhosis in the livers 

The kidn^ of all rats were not examined, but m those that showed the most 
severe mjury to the liver diffuse necrotizing nephrosis is frequent. The patho- 
logical changes m kidn^ differ somewhat from those previously reported 
(6) m much younger rats fed a diolme defiaent diet, m which the process was 
more severe. In these ^=inimalq the change amoimts to diffuse cortical hemor- 
rhagic necroais, and resembles human bilateral ^muuetncal cortical necrosis, 
but m the present sene# the change is best described as a necrotizmg nephroaia. 
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retardation and even suppression with final loss of weight seemed to pi 
many animals, however, milder forms of cirrhosis were not mcompatible 
gressive gam m weight. 


The mvestigations reported here have been earned out durmg L 
years on over 360* rats These experiments are bemg contmued wit 
emphasis placed on the problem whether or not cirrhosis of the hver c 
duced can be influenced therapeutically Thus far the special dietar 
have been tested only for the purpose of deter minin g mterference 
development of the lesions 

Pathological Findings 




In the hvers of the rats m the vanous groups that received different j 
ages of protem and different supplements there is a great vanety of pa 
cal changes Fat infiltration m some degree is almost mvanably present 
frequent is parenchymatous or fatty degeneration with variable degree' 
infiltration The most significant changes are diffuse or focal necrosis, i 
without accompanymg hemorrhage, and variable degrees of cirrhosis 
rule, the neaosis is recognizable m the gross but a considerable degree of c 
sis may exist without bemg obvious m the gross The necrosis is mainb 
tral and midzonal, but frequently a variable number of entire or almost t ^ 
lobules is the seat of this change In some hvers large portions of a lob 
necrotic, but thrombosis, which might also account for such massive nee ^ 

was not observed In Tables n to IV, under the headmg "necrosis” ar 
eluded those hvers which showed only this change Under the headmg 
rhosis, ” however, is mcluded a variable remnant of necrosis Almost mvana 
enmeshed m the fibrous connective tissue of the cirrhotic hvers, there is t 
recognizable, m some form, a large or small r emnan t of the previously necrc 
parenchyma of the hver This vanes from defimtely recognizable partly - 
completely necrotic cells to globules of variable size and shape, most of whn 
have a hght yellow or greenish-yellow color m par affin sections stamed wn 
hematoxylm and eosm In frozen sections stamed with Sudan IV these glob 
ules are pink or red and are also peroxidase positive The exact nature of 
globules has not yet been detenrimed Treatment of frozen sections for as long 
as 18 hours with absolute alcohol, methyl alcohol, acetone, ether, petroleum 
ether, xylene, dioxane, or pyridme does not dissolve out the constituent which 
takes the stam with the usual Sudan IV (Herxheimer), naphthol Sudan IV 
(Goldmann), naphthol Sudan black (Lison),* and the globules remam m their 
ongmal form. They are presumably necrotic protoplasnuc remnants of the 


* Not all this number are mcluded m iln': report, 

■* The Sudan black method of Lison, modified by Mlsg Ethel Lieb, techmaan at 
the Institute of Pathology 
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chaDgca, whereas arrhotic changes, ■when present, were of a very mild degree and even 
then were combmed with nectosis, Kecrosls alone woa observed m the livers of 6 of 
the 17 rata and necrosis with bcgumlngdrthosis in 2 animals, the incidence, therefore, 
was still almost 50 per cent as compared with 75 per cent In the control group which 
received no choline. 

In view of the known antagonistic effect of cysuno on choline, as well as on casein, 
in expenments dealing with the lipotropic acUvity of casern (13), the of 

adding cystine to the diet on the production of hepatic Injury was studied in another 
group of rats (Tabic If) Doily supplements of 1 00 mg of 1-cystine were given to 1 1 
rats In the livers of all these animals signs of morn or leas severe dnhoais were seco 
in the gross specimen and on microscopic exammationu Thus it has been proved that 
cystine is a very potent factor m the accentuation of cirrhosis of the Uver in rats. 

To another senes of 15 rats supplements of 50 mg of 1-cystine were given daily 
Pathological changes of the Uver, mainly orrhoan, were manifested by 14 of these 
rats- Acute diffuse cortical necrosis of the kidneys (6) was found m 4 of these antmnls . 

Cinhosis of the Uver was obsen ed m 3 of 4 rats fed a dally special supplement of 25 
mg of 1-cystine for 150 daj’s. The Uver of 1 rat which received only 12 5 mg of l-cys- 
tine daily for this penod showed ihght orthosis 

In conclusion, 1-cystlne appears to exert a definitely injurious effect on the hvem 
of rats mamtained on a diet low in casein, high In fat and low m choline. With larger 
doses of 1-cj'stine the hepatic injury seemed to become more accentuated. 

The effect of l<y8tmo on the Uver was ncutrallied to a large extent by the dalb^ 
addition of 10 and 20 mg of choline to diet L U (Table II) Only 4 of the 19 mts in 
this group exhibited necrotic changes and all 19 remained free from cinhosis even up 
to 150 days of the experunent It is noteworthy that the 4 mts with necrosis of the 
Uver died before the 120th day of the expenment Cortical necrosis of the kidneys 
did not occur in this series of animals 

A dafly ipecuil supplement of 0.5 gm. of yeast neutralized the effect of 50 mg of 
f<y5tinc as well os that of the modified basal diet L U (Table II) The Uver of only 
1 rat of the 5 rats fed the special supplement exhibited slight onbosis during the ISO 
days of the experiment ExccUent growth and completely normal Uvcis were olr 
served in another 5 tats fed daUy a combmalion of 50 mg. of l-cystmc, 0 5 gm. of 
yeast, and 10 mg of choUnc as a special supplement (Table II) 

The preventive effect of a supplement of yeast alone on dietary hepatic Injury pro- 
duced by diet Lit became apparent even when alow dose of yeast (0 5 gm.) was given 
three times a week instead of daily (Table II) of a group of 14 rats maintained on the 
modified basal regime hepatic injury was manifested In only 2 When a daily special 
supplement of 12.5 mg of f-cysthie, m addition to 0 5 gm- of yeast three times a week, 
was fed to 6 rats evidence of arrhosis was found in the livers of only 2 rats and of 
necrosu in 1 rat the further addition of 10 mg of choline to the regime of 5 rats pre 
vented the appearance of pathological changes in the Uver 

A daily special supplement of 20 mg of d^mcthiolline left the inodence of hepatic 
injury practically unaltered m a group of 6 rats but sUghtly allayed its severity (Table 
II) In contrast, special dally lupplcinent of 40 mg of tff-mcthionme hod the same 
prophylactic effect that was produad by cyshne plus choline. It is opccially mter 
esting that the combmed administration of 50 (ot 25) mg of l-cysUnc and 20 mg of 
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EXPEEIMENTAL OBSERVATIONS 

Diet L II — ^Twenty rats were put on diet L IT in wlucii the casein ratio was reduced 
from the 18 per cent generally used m mvestigations on the vitamin B complex (2) 
to 10 per cent, and 20 per cent of lard was substituted for the usual 8 per cent of 


TABLE U 

Sesults of Feeding 184 Rats Diet L II* 



Special supplements 
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No of 
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daily 
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daily 
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* All anim a la except those receiving 0 5 gm of yeast three times weekly were fed diet 
L n routinely supplemented dady with 20 micrograms of thiamme, 25 micrograms of ribo- 
flavin, 20 micrograms of pyndoime, and 100 micrograms of calcium pantothenate. The 
rats m the group receiving 0 5 gm of yeast three times weekly were not fed any further 
vitamm supplements 

I Only mild changes were observed 

butter (Table I) To this modified basal diet the routine daily supplements of B 
complex factors were added, as described. In the group of 20 rats hepatic injury 
became an almost regular comphcation (Table II) Necrosis without cirrhosis was 
observed m 2 rats, with crnhosis m 4 rats, and cirrhosis without necrosis in 9 rats that 
died between the 92nd and the 140th experimental days or were killed on the ISOth day 
Addition of 20 mg of cholme daily reduced the inadence of hepatic injury (Table 
H) which, m this senes of 17 animals, manifested itself almost exclusively by necrotic 
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changes, whereas orrholic changes, when present, were of a very milH degree and even 
then were combined with necrosis, Necroab abnc ?ras observed In the Uvers of 6 of 
the 17 rats and necrosis with beginning arrhosis in 2 animals, the incidence, therefore, 
was still almost 50 per cent as compared with 75 per cent m the control group which 
received no choUnc. 

In view of the known antagonistic effect of cystine on choline, as well as on casein, 
m experiments dealing with the lipotropic activity of casein (13), the <nfln>.nr# of 
adding cystme to the diet on the production of hepatic injury was studied in another 
group of rats (Table H) Daily supplcmcnla of 100 mg of f-cysdne were given to 11 
rats. In the livers of all these animals signs of more or leas severe cirrhosis were seen 
in the gross spedmen and on microscopic examination. Thus it has been proved that 
cystine la a very potent factor in the accentuation of dirhosia of the Uvci In rats. 

To another senes of IS rats supplements of 50 mg of f-cysline were given daily 
Pathobgical changes of the Uver mainly arrhosis, were manifested by 14 of these 
rats. Acute diffuse cortical necrosis of the kidneys (6) was found m 4 of these ^nlmnK 
Cirrhosis of the bver was observed in 3 of 4 rats fed a daily special supplement of 25 
mg of Z*cystine for 150 days The Uver of 1 rat vrhicb received only 12,5 mg of l-cys- 
tinc daily for this period showed slight drihosis. 

In conclusion, f-cystine appears to exert a definitely injurious effect on the livers 
of rats maint ained on a diet low in casein, hlg^ In fat and low in choline. With larger 
doses of f-cystinc the hepatic mjury seemed to become more accentuated. 

The effect of f-cysUnc on the Uver was ncutialixed to a large ertent by the daily 
addition of 10 and 20 mg of choline to diet L n CTable U) Only 4 of the 19 rats m 
this group exhibited necroUc changes and all 19 remained free from onhosls even up 
to 150 days of the expenment It is noteworthy that the 4 rats with necrosis of the 
Uver died before the I20th day of the experiment Cortical necrosis of the kidneys 
did not occur In this senes of animals. 

A daily special supplement of 0-5 gm, of yeast ncutralixed the effect of 50 mg of 
/-cystine as well os tiit of the modified basal diet L n (Table II) The Uver of only 
1 rat of the 5 rats fed the special supplement exhibited slight arrhosis dunng the 150 
days of the experiment Excellent growth and completely normal hvcis were ob- 
served m another 5 rats fed daily a combination of 50 mg of /-cystme, 0 J gm. of 
yeast, and 10 mg of choline as a special supplement (Table 11) 

The preventive effect of a supplement of yeast alone on dietary hepatic Injury pro- 
duced by diet L II became apparent even when a low dose of yeast (0 J gm.) was given 
three times a week instead of d^y (Table n) of a group of 14 rats maintained on the 
modified basal regime hepatic mjury was manifested in only 2 When a daily special 
supplement of 12,5 mg of /-cystine, m addition to 0.5 gm, of yeast three times a week, 
was fed to 6 rats, evidence of arrhosis was found m the hvers of only 2 rats and of 
necrosis in 1 rat the further addition of 10 mg of choUnc to the regime of 5 rats pre 
vented the appearance of pathological changes in the liver 

A daily special supplement of 20 mg. of dZ-mcthloniuc left the incidence of hepatic 
injury pracUcally unaltered in a group of 6 raU but sUghtly allayed its severity (Table 
n) In contrast, special daily supplement of 40 mg of dZ-methiomne had the some 
prophylactic effect that was produced by cystine plus chohne. It is especially mta: 
Citing that the co^iblned administration of 50 (or 25) mg of /-cystine and 20 mg of 
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^/-methionine daily proved to be beneficial to the hver, although when these supple- 
ments were given separately /-cystine was mjunous and 20 mg of d/-methiomne was 
practically without effect The effect of d/-methiomne given m combination with 
/-cystme is similar to that produced by the simultaneous administration of /-cystme 
and chohne 

A hver concentrate,® which represented the fraction of an aqueous hver extract 
soluble m 95 per cent alcohol, has been tested as a special supplement to diet L If 
(Table II) This concentrate was considered by WooUey (14) to be a good source of 
members of the vitamin complex other than nboflavm, pyndoxme, and pantothemc 
aad, as they are needed by the rat A dminis tration of a daily dose of 0 2 gm of this 
concentrate, alone to 9 rats or together with 20 mg of chohne to 6 rats, proved to be 
completely meffective m preventmg hepatic mjury From the additional result that 
It had a neutrahzmg effect on /-cystme given m doses of SO mg daily to 11 rats, it 
could be concluded that m this combination the hver extract acts through its content 
of chohne (or a chohne-hke substance) Thus these experiments with hver extract 
furnish new mdirect evidence of the importance of the combined administration of 
cystme plus chohne m the dietary management of hepatic mjury in rats 

Dtel S I — If It IS assumed that the pathogenesis of dietary necrosis and dietary 
cirrhosis of the hver is comparable to that of fatty metamorphosis of the hver, as 
shown by the results of experiments on the hpotropic activity of casern (13), an m- 
crease m the content of casern m the experimental diet should have a preventive effect 
on hepatic mjury caused by /-cystme similar to that caused by the addition of chohne 
or dZ-methionme In accordance with this expectation, a special supplement of SO 
mg of /-cystme daily was given with diet S I, which had a casern content of 18 per 
cent (Table I), but faded to provoke the shghtest pathological change in the hvers of 
11 rats, even though it was administered for 179 days The diet was routmely sup- 
plemented daily with 20 micrograms of thiamine, 25 micrograms of nboflavm, 20 
micrograms of pyndoxme, and 100 micrograms of calaum pantothenate 

Diet L IV — ^In order to show that it was not the low content of fat m diet S I which 
was responsible for the results obtamed, a special diet (L IV) was devised with the 
same relative amount (20 per cent) of fat (lard) as m diet L II but with 18 per cent 
of casern as m diet S I The routme vitamin B complex supplements were added 
(Table I) The results obtamed with diet L IV were agam uneqmvocal The high 
mtake of casern prevented the appearance of hepatic mjury m spite of the simultane- 
ously high mtake of lard, regardless of whether no special supplement (10 rats) or a 
special daily supplement of 50 mg of /-cystme (11 rats) was added to the diet. 

Diet LIII ^Decreasmg the content of casern m the diet below 10 per cent met with 
some difficulties Experiments with diet L V, with a casern content of 5 per cent 
(Table I), showed that it contamed apparently too httle protem to permit survival of 
the rats for a period long enough to allow hepatic mjury to develop Substitution of 
com starch for part of the content of cane sugar and mcreasmg the casern level from 
5 to 6 per cent resulted m diet L ill (Table I), a shght modification of the ration 
recommended for special purposes by White and Jackson (15) The experiments 
performed with diet L iii are summarized m Table li i The results were essentially 


® Kin dly supphed by Dr David Klem of the Wilson Laboratories, Chicago 
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the same as those obtained -when rata were fed diet L n, with the distinction that the 
addition of Inzyshnc In a dose os low os 12 5 mg daily had a markedly aggravating 
effect on the inadence of hepatic injury m 6 of the 7 rats that received this dosage. 
In all 5 rats that received 25 mg of {>cyBtine daily as a special supplement not only 
was severe orrhosis manifested but in 4 of these luiimfib acute necrotizing nephrosis 
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was also observed. The beneficial effect of the combmed administration of cystine 
plus choline, as well as of 0.5 gm. of yeast three times a week, could again be clearly 
demonstrated. 

Did C I —The most severe hepatic changes (necrosis, drihoais), often accompanied 
by asates and pleural and pencardial effusion, were found m rata fed diet C I (Table 
I), which had a low content of casein (8 per cent) and high content of fat (cnsco, 38 
per cent) The increased Intalce of fat certainly aggravated the manifestation of 
hepade injury (Table IV) The effects of the adminlstraUon of f-cystine, on the one 
KiinH, ind of J-cystmc plu* choline, on the other hand, were fuDy consistent with the 
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results characteristic of diets L If and L HI Acute necrotizing nephrosis was seen 
only in the group of rats that received the speaal supplement of 1-cystme alone 

The results obtamed with the use of diet C I, therefore, are a direct confirmation 
and corroboration of conclusions already firmly established 

DISCUSSION 

The experiments reported here show conclusively that m the production of 
dietary hepatic mjury (necrosis and cirrhosis, with or without asates and peri- 
cardial and pleural effusion) the deter minin g factors are known to be connected 
with the hpotropic action of casern (13) In short term experiments identical 
conditions produce fatty metamorphosis m the hver, whereas experiments of 
longer duration, up to 150 days, lead to necrosis or cirrhosis of the hver m rats 

At the same tune, mdependently of these mvestigations and the prehminary 
pubhcation (1) of their results, Webster (16) arrived at similar deductions 
Results of experiments likewise mdependently conducted, which were published 
later by Blumberg and McCoUum (17) as well as by Sebrell and his collabora- 
tors (18), are m essential agreement with those of the present and preliminary 
(1) senes Fat infiltration of the hver has been considered earher by Connor 
(19) a prerequisite of cirrhosis, without correlatmg this assumption to the phe- 
nomenon of the hpotropic activity of casern and to its mechanism. 

The hpotropic action of casern is generally (13) beheved to be m direct pro- 
portion to its content of methiomne and to the presence of chohne m the diet, 
but It IS reversely influenced by administration of ^nystme and supplements of 
fat, especially cholesterol Identical conditions seem to regulate also the oc- 
currence of cortical hemorrhagic necrosis of the kidneys as it is observed mainl y 
m young rats (6, 20) A thorough review of the experimental data given here 
reflects mirror-hke all the conditional factors m their relation to necrosis and 
cirrhosis of the hver Thus, the prophylactic effect m rats of a high mtake of 
casern or of adequate supplements of methiomne and chohne is noted, the latter 
mainly m combination with cystme .Str ikin g is the fact that hepatic mjury 
IS caused by supplements of ^-cystme alone and by a high fat ratio m the diet, 
which appears to operate here m the same way as m the mechanism of fat 
infiltration of the hver 

One mmor discrepancy between the conclusions reached by Blumberg and 
McCoUum (17) and those reported in this and the pr eliminar y paper (1) refers 
to the r61e of chohne m the prevention of hejiatic mjury Accordmg to Blum- 
berg and McCollum addition of chohne to the chet (10 mg per gm of diet) 
resulted m normal hvers, whereas m the studies rejxirted here when chohne 
(20 mg per day) was added as a separate supplement to a shghtly different 
form of diet, low m protem and moderately high m fat, hepatic mjury, esjiecially 
m the form of necrosis, stfll occurred m about 50 per cent of the animals (Table 
n) It IS noteworthy that chohne, even when it is given m combination with 
hver extract (Table H), proved to be meffective m the prevention of hepatic 
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injury In coatmut, the combuicd adnuoi&tratioa of Z-cystme and ha* 

been found to be very beneficial in oU experiments of the present senes. As a 
matter of fact, this latter result has been confirmed by Blumberg and McCol 
lum (17) as well os by Doit, Sebrell, and LDhe (18) 

That choline seems to act through the mtennediation of /-cystine is ap- 
parent from mvestigations (21) on hepatic injury m rats following ingesbon of 
dimethylammoaxobenrene (butter yellow) It has been definitely established 
that choline or Z-cystme, given separately, exerted no effect on the course of 
hepatic mjury m rats mamtained on diet L IH when it was supplemented with 
butler >ellow Adrmmstration of /•cystine pius cholme, however, afforded 
definite protectioru 

The emphasis placed on the combined effect of cystine plus choUnc is at vari- 
ance not only with the condualon of Blumberg and McCollum (17) but also 
with that of Griffith (20) concemmg the r61c of choline in the prevention of 
cortical necrosis of the kidney Furthermore, the importance of the combmed 
administration of cystmc plus choline has hardly been stressed m past work 
dealing with the phenomenon of the hptropic activity of casein (13) The 
discrepancy is, of course, not a real one, m view of the fact that m all coses in 
which a beneficial effect was claimed from choline alone the diet used always 
contained cystine, even if only m amali amounts 

Hie combined effect of Z-cystioe plus choline is reminiscent of a phe- 
nomenon encountered lately in assays of the growth promoting activity of the 
essential ammo aads which ore linked with choline It has been shown b/ 
du Vigneaud and his collaborators (22) that bomocystme would support growth 
on a methionine free diet only m the presence of cholme or related substances 
and that mcthioume, on the other hand, can replace homocystlne plus cholme 
According to du Vigneaud and his coworkers, “Ihe explanation presented as 
the most probable one for this observed relationship of choUno to homocysUnc 
was that cholme had acted as a donor of methyl groups for the synthesis of 
methionine from homocystine” (23) In these expenments on growth, cystine 
could not be substituted for homocysUne It has recently been demonstrated, 
however, that methionine may bo a precursor of cholme in so fer as the methyl 
groups are concerned (22) and that cystine is capable of stimulating growth 
only when methionine is present in suboptimal amounts (24) 

iVithout being able to give a satisfactory explanation for all these reactions, 
particularly for the apparent lack of interchangeability of cystine and homo- 
cystme, we can say, however, that their relationship to the conditions that 
detemune hepatic mjury is evident In this connection it is significant that 
m adequate doses prevents development of hepatic injury CTablc 
II)* just as well as it is prevented by Z-cystine plus chohne, and that suboptimal 
doses of methionme have the same detoxifying effect on cystine that chohne 

• Sec also Daft, SebreU, and loUie (18) 
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has, methionine bemg, probably, a precursor of chohne, as stated by du Vig- 
neaud and his collaborators It should be especially pomted out that, whereas 
with special supplements of hver extract alone (0 2 gm daily) to diet L II the 
average loss m weight m 150 days m 5 animals was found to be 36 gm and the 
average gam for 8 rats that received 50 mg of ^-cystme daily for 150 days was 
9 gm , an average gam of 99 gm occurred m a group of 11 rats that received 
hver extract plus 1-cystme as special supplements Similar differences were 
not noted m groups of rats fed special supplements of chohne, /-cystme and 
chohne plus Z-cystme, respectively 

In conclusion, the impression is gamed that the combmed administration of 
chohne plus f-cystme is necessary for the synthesis of a third substance (methi- 
omne?) which m its turn is concerned m the prevention of hepatic mjury 

It IS even more difficult to explam the hepatic mjury caused by administra- 
tion of f-cystme alone Griffith (20) attributes it to some unspecific activation 
of the metabohsm This assumpbon it is not easy to reconcile with the fact 
that large toxic doses of J-cystme may, m a few days or weeks, produce necrosis 
of the hver (25) and, accordmg to recent mvestigations, also the specific picture 
of Laennec’s cirrhosis (26) It should be emphasized that m the present experi- 
ments and m those of Blumberg and McCollum, as well as of Daft, Sebrell, and 
Lilhe, the amounts of cystme administered as supplements were within the 
physiological limits of a normal diet The identical response to toxic doses m 
short term experiments and to lower doses m mvestigations of longer duration 
speaks m favor of a specific effect. 

The hpotropic action of casern is generally considered (13) to be completely 
determmed by the mteracbon of cystme, methionme, and chohne Dissenting 
from this conception, Channon and his collaborators (27) seem to assume the 
presence of further, until now umdentified, and admittedly less important fac- 
tors m casein. The experiments here reported have not taken mto considera- 
tion the amount of cystme and chohne administered suffiaently to render any 
conclusive answer to this problem. It should, however, be mentioned that, at 
least m the amounts chosen, supplements of 7-cystme plus chohne plus yeast or 
of d/-methionme m large doses were more effective m completely suppressmg 
hepatic mjury than was a supplement of 7-cystme plus chohne 

Apphcation of the results of these experiments on rats to conditions m man 
IS allowable only withm the lumtations of a conclusion per analogiam Never- 
theless, as circumstantial evidence, the unquestionable s imilar ity of the etio- 
logical conditions that prevail m the most important form of human cirrhosis, 
namely, that observed m alcohohcs, should be pomted out. Low intake of 
protem combmed with insufficient supply of the vitamm B complex (mcludmg 
chohne) is a promment feature of the daily diet of persons addicted to alcohol 
and taffies with the leadmg conditions of dietary cirrhosis m rats Thus, the 
assu m ption of a specific mjurious effect of alcohol here becomes superfluous 
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]U3t 03 it does in pellagra or the beriben of alcohoHca. The recent claun of the 
beneficial effect of a “highly nutritious diet” supplemented with concentrates 
of the vitamin B complex (28) on cirrhosis in man is suggestive corroboration 
of the experiments presented here 

It IS perhaps also permissible to call attention to the identical nutritional 
etiology of hemorrhagic cortical neaosis of the kidneys and of necrosis of the 
liver, and to the occurrence of both pathological lesions m pregnant women, 
hepatic mjury (hemorrhagic necrosis) being often found in edampaia. 

From the pomt of view of general pathology it is of great interest that idcnti 
cal etiological conditions may lead, m rats, either to necrosis or to drrhoais of 
the hvtr or to both 

The experiments reported here have been, thus for, exclusively of a prophy 
lactic nature Their scope needs to be extended to mclude therapeutic mvesti- 
gations In a few animals In which hepatm mjury was ascertained by biopty, 
therapeutic administration of yeast or hver powder for a short time (up to 2 
months) proved to be msuffiaenL These experiments are being contmued on 
a larger scale and for prolonged periods. 

suhuary 

Experimental dietary hepatic mjuiy (diffuse or focal necrosis and onhosis In 
rats, with or without asates and pleural and pericardial effusion) is determined 
by the dietary factors instrumental also m the production of fat infiltration of 
the hver and thus opposed to the lipotropic activity of casein. Accordmgly, 
rats mamtamed on a diet low in casern with a moderately high or high content 
of fat and without choline regularly exhibited hepatic mjury after between 100 
and 150 days. Supplements of /<ystme had an aggravating effect on the pro- 
duction of onhosis ^ the hver, whereas a supplement of choline alone reduced 
the seventy and the incidence of hepatic mjury, although not deosively The 
combmed administration of i-cystme plus chohne or of {ff-methinnine in ade- 
<|aate doses, however, proved to be highly effective m preventing mjury to the 
liver 

These conclusions have been corroborated by the use of different modifica- 
tions of the basal diet. 

Rats with dietary hepatic mjury exhibit, m sequence, changes that vary from 
diffuse necrosis resemblmg human acute or subacute yellow atrophyi to ad 
vanced portal orrhosia. 

Diffuse necrotmng nephrosis was a frequent accompaniment of the hepatic 
mjury Cystine agam proved to be a factor which aggravated this condition. 
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EXPLANATION OF PLATE 12 
Fig 1 Cirrhotic hver of rat 6568 (Natural size ) 

Fig 2 Section of hver of rat 4628, showmg moderate degree of cirrhosis and fat 
infiltration Masson tnchrome stam X 71 
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STUBIES ON THE ANTIBACTERIAL ACTION OF THE 
SULFONAMIDE DRUGS 

L The Relation of j^AuiNOBENZoic Acn> to the Mechanisu of 
Bacteiuostasis* 
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(From the Biological Dixxsuin oj the Departmenl of Medmite, Johne Uopkim Unvxmty 
Medical Sckcolf BaUimort) 

(Received for publication, December 9, 1941) 

The mechaDiam whereby sulfamlamfde and fts dcnvatives prevent bacterial 
growth 13 not kno^\Tj None of the various theones advanced (1-3) has been 
conclusively subatontlated by direct eipcnmcntal proof The most important; 
recent contribution to the problem has been that of Woods (4), who demon- 
strated that ^Komlnobenzoic add “blocks'’ the bacteriostatic effect of sulfanfl 
amide in ntro Following the isolation by Stamp (5) and Green (6) of bac- 
terial extracts which antagonize the action of sulianilarmde) Woods obtained 
from yeast a potent antisulfomlamide factor which appeared to have chemical 
properties similar to ^ammobenzoic aud but which could not be deffmtely 
identified as such ^Ammobenxoic aod itself was found to aimul the bac 
tenoEtatlc effect of sulfanilamide, and Woods predicted that this simple organic 
acid would eventually he shown to be a metabohtc essential for bacterial 
growth.* He also formulated the theory that sulfanilamide causes bacteno- 
stasis by inhibiting specifically the enrymatJe reaction involved in the utfliza 
tion of p-ammobeuioic aad and attributed the inhibition of this reaction to 
the rbfimifn] Eimilanty of the drug and the essential metabolite. 

Lnportant evidence supporting Woods' hypothesis was published in the same 
year by Rubbo and Gille^ue (8) They reported the chemical isolation from 

* This study was supported m part by a grant from The Rockefeller Foundation 
Fluid Research Food. 

* To prove a substance essential to bacterial metabolism it is necessary first to 
demonstrate that it is a growth factor for at least one bacterial spedes A growth 
factor may be defined as an essential metabolite which cannot be synthesized by the 
bacterial ccH and which, therefore, must be added to the culture medium to promote 
optimal growth. According to views first Introduced by Fildcs (7), substances 
known to be bacterial growth factors for one or more specie* of organism may be 
considered to be metabolites essential for the growth of many other bacteria and 
probably of bactena m general 
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yeast of the benzoyl denvative of />-aminobenzoic acid and stated in additiOR 
that /(-aminobenzoic aad stimulated the growth of Closlrtdtum acelohUylicum 
m a synthetic medium- Their observations led them to conclude that 
^ammobenzoic aad is a bacterial growth factor and, therefore, an essential 
metabohte They pomted out, however, that m theur experiments with Cl 
acelohuiyhcim one molecule of jKammobenzoic acid antagonized 23,000 mole- 
cules of sulfamlamide This tremendous disproportion between the anfago- 
mstic~substances" was mterpreted as strong evidence against Wood’s theory 
that the drug and the essential metabohte compete for the same receptor 
site on the organism 

The data reported m the present paper concern the quantitative aspects of 
the antagonistic action of />-ammobenzoic aad and the more commonly used 
sulfonamide drugs A detailed study of the quantitative relationship between 
^ammobenzoic acid and the bacteriostatic effect of sulfamlamide, sulfa- 
pyndme, sulfathiazole, sulfadiazme, sulfaguamdme, and diammodiphenyl- 
sulfone has been earned out under ngidly controlled conditions m an attempt 
to ascertam the manner m which j>-aminobenzoic aad mteracts with these 
different sulfonamide drugs It was hoped that knowledge of this mteraction 
might lead to a clearer understandmg of the mechamsm of bactenostasis and 
might possibly suggest an explanation for the marked differences m bacteno- 
static potency exhibited by the various denvatives of sulfamlamide 

Materials and Methods 

MacLeod (11) has demonstrated the widespread occurrence of sidfon- 
anude inhibitors m ordinary bactenological media, and has stressed the 
importance of usmg mhibitor-free media m studymg the effect of sulfon- 
amide drugs upon bacteria in vitro Bacterium coh was used m the present 
studies smee it will grow luxuriantly m an inhi bitor-free medium contammg 
only asparagme as a source of mtrogen, glucose as a source of carbon, and mor- 
gamc salts The addition of />-ammobenzoic aad to the medium m concentra- 
tions correspondmg to those used m the foUowmg experiments had no effect, 
upon the growth of the organism as tested by repeated growth curves This 
fact IS of pnmaiy importance smee the antibactenostatic effect of compounds 
which sti m u l ate growth cannot be attributed to a specific action upon the 
drug, then effect may be due entirely to a non-specific stimulation of the 
growth of the organism ® 

-In attempting to confirm the important findmgs of Rubbo and Gdlespie, both 
Lampen and Peterson (9) and Park and Wood (10) demonstrated mdependently 
that ^ammobenzoic aad will function as a growth factor for Cl acetobutylKum only 
m the presence of biotm 

^ The non-specific effect of growth-s timulatin g substances is well illustrated by 
experiments reported m the next paper (12) 
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CuUure Ifcdtum —The synthetic meditun used was prepared in the following man 
ncr (13) 5 gnu of NaCl, 2 gm. of KiJIPOi, 0 5 gm. MgSOj^ 2 gm of ammonium 

dtralc, and 3^ gm of asparagine were added to 1000 cc. of distilled water which 
had been brought to a boiL After being cookd the miiturc was adjusted to a pH 
of 7 6 with sodium hydroxide (3 to 5 cc. of 2 normal NaOH), and was stenhxed in the 
autoclave, 0 1 cc. of a 10 per cent soIuUoq of dextrose was added to the 10 cc. of 
basal medium m each tube before inoculation. The dextrose solution was sterilixed 
by bang heated to boflmg for 5 nunutes Both the dextrose solution and the haml 
medium were stored in the Ice box. 

Slratn of B colt — ^The strain of B colt cotnmunior employed in the present ex 
penments was obtamed through the courtay of Dr Eleanor A Bliss of the Depart 
ment of Preventive Mcdicme of the Johns Hopkins Medical School The organism 
was originally isolated from the urine of a patient with pyelitis. Daily subcultures 
were made in synthetic medium and these cultures were used as the source of organism 
m each experiment The growth obtamed m the synthetic medium was remarkably 
constant 

/ft^nlum — In all experiments the moculum cmplo>cd was 0 1 cc. of a 1 10,000 
dilution of a 24 hour culture of B colt in synthetic broth. The moculum, as estimated 
by plate count, contained approximately 10,000 viable organisms. 

PrtparcUtofi of Stock Solutions of Sulfonamide Drvis and p^Arntnohcniotc And — 
In 200 cc. lots of stenle basal medium suUanilamide and sulfaguamdlne were dissolved 
m concentrations of 0 01 molar, and suUopyridlne suUathiasole, suHadlazme, and 
diaminodiphenylsuKone were prepared in 0 001 molar concentrations. The powdered 
drug was added in each case to boiUng medium and the solution was allowed to cool 
slowly The maximum conccntiaiion of each drug used was limited by its solubility 
in the hA.vi} medium 0 001 molar ^ammobcnaoic aad in synthetic broth was 
prepared by the same procedure. 

ifdkod of Tilraiton —The antagooistic action of ^anunobenxolc aad to each sul 
fonamide drug was studied quantitaUvely by titrating the aad against the drug, 
the appearance of bacterial growth bang used as an arbitrary end pomt. The desired 
concentrations of the antagonistic substances were attamed by adding appropriate 
amoimts of the stock solution of each to plam synthetic broth to make a final volume 
of 10 cc, 0 1 cc. of 10 per cent glucose was added to each tube just before it was 
Inoculated. The tubes were examined ot daily intervals for macroscopic evidence 
of bacterial growth and the final readings were made at the end of 5 days All cultures 
were incubated at 37*0 

EESUI.T8 

Data from a typical titration expenment are recorded m Fig 1 It will be 
noted that over a relatively wide range of sulfapyridine concentrations the 
mir^imnm amount of p-ominobenzoic aad needed to prevent bactenostasia at 
the end of 5 days was such that the ratio of />-aminobenzoic aad to sulfapyridine 
was approximately constant * As the concentration of drug was deaeased, 

♦ A constant ratio of ^>-aminobenioic aad to each sulfonamide drug was noted 
also at end pomts determined after 48, 72 and 96 hours as well as at the end of 5 
days 
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however, a point was finally reached where the ratio changed and rapidly 
approached zero This sudden bend m the titration curve was obviously 
caused by the drug level’s approach to the inin unum concentration of sulfa- 
pyndine needed to cause bactenostasis in the basal medium, and it m no way 

Cone Su/fapyridine fmo/es) 

^xfd 5xfd 2x0 1x0 SxlO 2x10 1x0 

^ 2x0 
h/O 

I ^^0 

0 ^ 

Q 2x10 

N 

^ IxJO 

S Sx/d 

§ 

" 1 ^ Zxfd 

hfd 

1 Sx/d 
Zxid 

Fig 1 Titration of ^ammobenzoic aad against sulfapyndme usmg bacterial 
grovrth as an arbitrary end pomt. + — visible growth of B coh m 10 cc of a syn- 
thetic medium withm 5 days of moculation Standard moculum employed was 10,000 
organisms Cultures meubated at 37°C 

mvahdates the hnear relationship exhibited at higher concentrations In the 
subsequent discussion of titration curves, therefore, only those pomts wdl be 
considered at which the drug level is well above the minimum bacteriostatic 
concentration 

The data summarized m Table I reveal a similar hnear relationship between 
^ammobenzoic aad and each of the sififonaimde compounds studied, the 
ratio of j>-aminobenzoic aad to drug r emainin g approximately constant over 


+ 

+ 


+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 




+ 

+ 

+ 

+ 



+ 

+ 

+ 

+ 

+ 




+ 

+ 


+ 

r 




+ 

+ 

+ 







+ 

7 






+ 

3 






+ 

} 






+ 




TABLE I 


Study of the Antagomtltc Aclxon of p~Ajtnnobenxoie Acid upon 
Vanout Suifanamtde l^gt 


SaUfaimMt dnia 

CooctoimVu (nuUr) | 

SoU. druf 

CoQccBtntloa (molir) 
BcwM to 

{xarat bactiriortufi 

„ cooc.P.i,b.a. 

"•“^'TistrEirsar 

Solfanflamide 

9 X lO-* 

6 X 10^ 

6 7 X 10** 


7 X icr* 

4 X 10-« 

5 7 X 10-< 


5 X I<7-* 

JX Iff-* 

<5 0 X 10-* 


3 X icr* 

1 2 X 10-* 

6 7 X 10-* 


2 X 10-* 

1 X Iff-* 

5 0 X 10-* 


1 X Iff-* 

7 X 10-» 

7 0 X 10-* 


Avtrage ratio 6 2 X 10~* 


Diominodlpbenyl 

9 X 10-* 

6 X Iff-’ 

6 7 X 10-* 

aulfone 

8 X 10-* 

6 X Iff-’ 

7 5 X 10^ 


7 X Iff-* 

5 X Iff-’ 

7 1 X 10-* 


6 X Iff-* 

5X Iff-’ 

8 3 X 10-* 


S X Iff-* 

3 X Iff-’ 

6 OX 10-^ 


4 X Iff-* 

3X Iff-’ 

7 SX 10-^ 


Avtruje ratio 7 2 X 10^ 


5?nHognanMln^ 

9 X 10-* 

1 X 10-* 

1 1 X 10-* 


S X 10-* 

sx Iff-* 

1 0 X 10-' 


2 X 10-* 

2 X 10-< 

1 0 X 10-’ 


1 X 10-* 

1 X Iff-* 

1 0 X Iff-* 


S X Iff-* 

5 X 10-» 

1 0 X 10“* 


Averts ratio 1 0 X 10“* 


Solfapyridloe 

9 X 10^ 

1 XIO-* 

1 1 X 10^ 


5 X 10-* 

5 X Iff-* 

1 0 X 10-* 


2 X 10-* 

2 X 10^ 

1 0 X 10-« 


1 X 10-* 

1 X 10^ 

1 0 X 10-* 


5 X 10-* 

5X10-' 

1 0 X 10-* 


Average ratio 1 0 X 10~* 


Sulfadiazine 

9 X 10-* 

1 X Iff-* 

1 1 X 10-* 


5 X 10-* 

JX Iff-* 

1 0 X 10^ 


2 X 10-* 

7 X Iff-* 

1 0 X 10-^ 


1 X icr* 

1 X Iff-* 

1 0 X 10-^ 


5 X 10-* 

5X Iff-’ 

1 ox 10 ~* 


Average ratio 1 0 X 10~* 


SuUathlaaola 

9 X 10-* 

3X Iff-* 

3 OX 10-^ 


7 X 10-* 

2 X 10-* 

2 9 X 10-* 


5 X 10-* 

1 X Iff-* 

2 OX itr* 


3 X 10-* 

7X Iff-* 

2 3 X icr* 


2 X 10-* 

SX Iff-* 

2 s X icr* 


1 X 10-* 

3 X Iff-* 

3 3 X icr* 


8 X 10-* 

3X Iff-* 

3 7 X 10-* 


Avenge ntio 2 8 X 10^ 


Sulf — pilf n namUie- 

pjubA — ^-oxaiDobenxok add. 
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the range of each titration experiment This relationship may be expressed 
mathematically as follows 


( 1 ) 


(P a.b a.) 
(Sulf) 


or 

(2) (P a.b a ) = iC (Sulf ) 

m which (P^b^) = molar concentration of /(-anunobenzoic aad 
(Sulf ) “ molar concentration of sulfonamide drug 

K “ a constant. 

Equabon (2) plotted on Cartesian coordinates represents a straight Ime, with 
slope X, passmg through the ongm Smce the absolute values for X (as shown 
m Table I) are extremely small, the titration curves cannot be convemently 
plotted ari thm etically, theu slopes bemg so small that they practically he upon 
the X axis The results of each titration expienment can, however, be graphed 
on a logarithmic scale as shown m Fig 2 It wiU be noted that the data thus 
plotted fall on straight hnes parallel to one another and running at an angle 
of 45® with the axis These hnes all approximate very closely the general 
equation 

(3) log (P a-ba.) «= log (Sulf ) + log £ 

which will be recognized as the logarithmic variant of equation (2) expressmg 
the same hnear relationship between drug and ^ammobenzoic acid 
Two facts regarding the significance of the constant X deserve special 
emphasis 

(а) The co nstant is equal to the molecular ratio of />-ammobenzoic aad and 
sulfonamide drug at the arbitrary end pomt chosen for the titration experi- 
ments Under standard condltions^lt Hefines tbe amnnnt ot j^ arnin obenzoic 
aad needed to nullify the antibactenal effect of a gr/en quantity^^f drug 

(б) The absolute value of X wdl vary with the type of organism, the size 
of the mocidum, the conditions under which the organism is grown, and the 
potency of the bacteriostatic agent employed If aU but the last of these 
variables is kept rigidly constant, as m the present experiments, the magmtude 
of X becomes an mdex of the relative bacteriostatic power of the drug tested 
Under these conditions it is justifiable to refer to X as the “bacteriostatic 
constant ” 

As shown m Table H the bacteriostatic constants of the various sulfonamide 
compounds vary over a relatively wide range of values It wdl be noted that 
the more potent the drug the greater is the value of its bacteriostatic constant 
X, and, likewise, the lower its ^ammobenzoic aad titration curve falls on the 
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loganthmic graph (Fig 2) Thus the bactcnoatatic constant of sulfathiazolc, 
the most potent drug studied, is 0 028, whereas that of sulfanilamide, the least 
active, 13 only,,0 00062 



foj mo/ar cone p Qm{no6*nzo{c 
actc/ X /O^ 

Fio 2 ^Aminobenioic oad Utratioa curves of sulfonamide drugs. Visible 
growth of B colt (in 10 cc. of a synthede medium) used as arbitrary end point for 
each titration. Inoculum standardixed at 10 000 organisms and finaj readings made 
at the end of 5 days incubation at 37®C Curves plotted for convenience on logantb 
mic coordinates. 

It la of mtereat to compare the relative values obtamed for K with the bac- 
teriostatic potency of the drugs measured by the usual method, tx by deter- 
mining the minimum concentration needed to cause bactenostasb in the 
absence of additional /^-ammobcnzoic acid. The two sets of values may best 
be compared by usmg sulfanilamide os a standard and determining the “sulf- 
anflamide coefficient' as shown in Table IL The data reveal a remarkably 
close correlation between the sulfanilamide coefficients determined by the two 
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methods ® This close co rrelation is of considerable theoretical sig nif ica n ce 
smce it suggests Aat the bactenostatic potency of ea^ of the sulfonamide 
compounds is directly proportional to its abflity to neutralize the action of the 
ji- amin ohenzoic aad added to the culture medium 

In summary it may be stated that a quantit ative study of the mteraction of 
various sulfonamide drugs with ^ammobenzoic aad has revealed the foUowmg 
The antibacten^ effect of each sulfonam^e compound studied, regardless of 
chemical structure, was neutralized by the addition of ^ammobenzoic aad to 
the culture medium The amount of /»-ammobenzoic aad needed to p revent - - 

TABLE n 


Sulfanilamide Coefficienls of Various Sulfonamide Drugs Determined Both by Measuring the 
Minimum Bacteriostatic Concentration and by Titrating vnih p-Aminobenioic 

Acid 



TnrtbLT cone of 
drug caniing 
bocterloitasiii 

Bacteriostatic 
coQitant. K or 


5in1fnn&mlHe drug 

Molar CODC. Pa 

Min. bact. cone. S 






(P^ titratioD) 

Min, bact. cone. 2C 

1 

K. 

Sulfanilamide 

0 0004 

0 00062 

1 

1 0 

Diammodiphenylsulfone 

0 0002 

0 00072 

2 

1 2 

Sulfaguamdine 

0 0002 

0 001 

2 

1 6 

Sulfapyndme 

0 00002 

0 01 

20 

16 1 

Sulfadiazine 

0 00002 

0 01 

20 

16 1 

Sulfathiazole 

0 000008 

0 028 

SO 

45 2 


K, bactenostabc constant detemuned by titration with PjubA. (See average ratios, 
Table 1) 

P a b a., p-annnobenzoic aad. 

Sulf , sulfonamide drug 

him. bact. cone S , minim um molar concentration of sulfanilamide causmg bactenostasis. 

Mm. bact. cone. X , minimum molar bactenostatic concentration of sulfonamide drug being 
compared with sulfanilamide 

K,, bactenostatic constant of sulfanilamide 

Ki, bactenostatic constant of sulfonamide drug bemg compared with sulfanilamide. 

bactenostasis was directly proportional to thejrelatiye_bactenostatic potency 
of the drug Over a wide range of drug concentrations the Tnimmiim amount 

® The ^ am m ob enzoic acid titration method is considered the more accurate of 
the two smce the absolute value for K is obtained by averagmg the numerous end 
pomts on the titration curve rather than by determirung a smgle end pomt as m the 
simple bactenostasis method. It should be emphasized, however, that neither of 
these in vitro methods can be rehed upon at present to estimate the relative therapeu- 
tic effectiveness of untned sulfonamide compounds The sulfanilamide coeffiaents 
listed above have been measured under highly specialized conditions, namely, m an 
mhibitor-free medium, it does not necessarily follow that the relative bactenostatic 
potency of the drugs will be the same m a more complex culture medium or m the 
animal body 
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of ^>-airuiiobcnzoic aad needed to nullify the bactcnoatasia was such that the 
latio of /►-ammobensoic acid to the drug was constant. The ^ammobenzoje 
add titration curve for each sulfonamide drug thus followed a linear relation 
ship The unpheations of these facts m relation to the possible mode of action 
of the sulfo nami de drugs arc considered significant and will be discussed below 
DISCUSSION 

The important mvcstigations of Woods on the nii^fhanism of action of sulf 
aDilamide ^serc based on the working hypothesis that ‘‘antibacterial substances 
act by interfering ivith some substance essential to the bacterial cell ” Having 
demonstrated that /Kumnobenzoic add in minute quantities neutralized the 
bacteriostatic eflfect of sulfanilamide and sulfapyrldine, Woods suggested that 
the essential substance was p-ammobcnzoic add or a doscly related compound 
It is noteworthy, however, that at the time of his publication there was no direct 
experimental evidence that p-aminobenzou: add was essential to bacterial 
metabolism, this evidence being supplied later by workers in other laboratories 
(8-10) Woods suggested further that sulfanilaniide and sulfapyrldine, be- 
cause of their dose chemical similarity to p-aminobcnzoic acid, prevent bac 
termi growth by competing with the latter compound for the bacterial enzyme 
normally mvolved m its utiUzation As evidence for this concept, he pomted 
out that the slightest deviation from the chemical structuxe of >aminobenzoic 
aad greatly reduces the potency of the antisulfonamide effect, just as any 
change m the ^-onimo structure of sulfanilamide decreases lU bacteriostatic 
properties. In addition he drew attention to other examples in enzyme chemis- 
try of “competitive inhibition” due apparently to similarity of chemical stnic 
ture. It should be emphasized that Woods* experimental data did not con- 
dusively prove his theory which was presented only as a guide to further 
mvestigabon. 

The results of the studies reported m the present paper add important direct 
evidence in favor of Woods’ theory It was observed that ^-ammobenzoic 
add would neutralize the bacteriostatic properties of all of the six sulfonamide 
compounds studied, regardless of the differences in their chemical structure, 
and it was found that the amount of ^-ommobcnzoic aad needed to pre^ 
vent bactcriostasis was directly proportional to the bacteriostatic potency of 
the drug, provided all other variables were hdd constant. Both of these 
obscrvatiiDna suggest that the bacteriostatic mechanism* of the aulfonamide 

• It ii of mtereat that the Bulfonamidc portion of the molecule rather than the 
onfino nucleus appears to be responsible for certain of the toxic reactions caused by 
these drugs. The — SOsNHt radical of suUanDamlde Inactivates carbonic anhydme 
(14), and this fact has been offered as an explanation for sulfanilamide addosls (15) 
Patients becoming sensitive to one sulfonamide drug are often found insenative to 
others (16), an observation suggesting that the sensitivity phenomena arc caused by 
some part of the molecule other than the ^-amino nucleus which is common to all of 
the compounds 
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drugs works mainly, if not entirely, through the ^anuno nucleus which is 
common to ^ammobenzoic acid and to aU of the drugs tested The fact that 
an organism made “drug fast” to sulfat hi azol e ^ foimd to be resistant to the 
action of other sulfonamide compoun(^(17}„alM substantiatesThis cdhc^" 
“InTddltionTthe quantitative study of the mteraction of ^ainmbhenzoic aad 
and the various sulfonamide drugs m bactenal cultures revealed that over a 
wide range of drug concentrations the minimum amount of ^ammobenzoic 
aad needed to prevent bactenostasis was such that the ratio of /i-ammobenzoic 
aad to drug remained constant Woods previously had observed, m similar 
experiments, a constant ratio of ^ammobenzoic aad to drug when sulfanil- 
ami de was added to cultures of B coh or Streptococcus hemolyttcus, and while 
the present work was m progress Rubbo and Gillespie reported the same 
observation with sulfanilamide and Cl acetobiUylicum In none of those expen- 
ments, however, were drugs other than sulfanilamide mvestigated ' 

The hnear relationship between drug and ^-ammobenzoic acid is of consider- 
able theoretical significance smce it suggests that bactenostasis is accomplished 
through the “competitive inhibition** (19) of an essential enzyme reaction by a 
substance chemically related to the substrate Assuming the substrate to be 
p-ammobenzoic aad (or a closely related compoimd) and the inhi bitor to be 
the sulfonamide drug, an equation expressmg the same straight-lme relationship 
may be denved on purely theoretical grounds as follows 

If /i-ammobenzoic aad (P) and sulfanilamide, or one of its derivatives (5), compete 
for the same bactenal enzyme (£), the mteraction of F and S with E may be ex- 
pressed by the equations 

(1) (.2) S + E^SE 

Smce the concentrations of P and S are infimtely large compared to that of E,^ 
It may be assumed that practically all of the available enzyme is bound either by P 
or 5 and, therefore, may be considered to be eqmvalent to (PE) + (SE) The amount 
of available enzyme is constant at the start of each experiment (constant moculum 
of bacteria), so that 

(3) (PE) + (SE) = A. 

^ Strauss, Lowell, and Finland (18) studied sulfanilamide, sulfapyndme, and sulfa- 
thiazole, and although they concluded that a hnear relationship existed between drug 
and inhibitor, then data do not bear out this conclusion, smce the curve obtamed for 
each drug is a straight hne only when plotted on semiloganthmic coordinates 

* The concentration of P and 5 ranged from 1 to 10”® mg per cc , whereas the 
concentration of bactena mtroduced m the moculum was 1,000 organisms (or ap- 
proximately 10 to 12 mg ) per cc. Even if it is assumed that the entire bactenal ceU 
fimctions as active enzyme and that the relatively small />-ammobenzoic aad and 
sulfo nami de molecules combme weight for waght with the much larger enzyme mole- 
cule, there is stdl a tremendous discrepancy between the amoimt of available enzyme 
and the concentrations of P and S 


W BAftItY WOOD, JZ, 


379 


The ability of the organiim to multiply depends upon a certam minimum amount of 
^minobenioic aad combining with eoxyme to form the essential complex PE At 
the selected titration end pomt only the minimum amo unt of PE neet^ to tnl t i nte 
growth Is present at the start of the experiment, and, therefore, at this pomt {P-E) 
may be considered a fixed quantity, kt It foll^ that 

(4) iPE) - *1 
and 

(5) (S£) - Jh - 

At the titration end point the proportions of enxyme bound by P and ^ at the start 
of each experiment will be detenmned by tw) factors (a) the relative affinities of 
P and .S’ for the enayme, E, and (b) the relative amounts of P and 3" In the 
The affinities of P and S for the enxyme ore dcteimmed by the chemical properties 
of the compounds and may be considered constant in any one experiment, although 
the enxyme affinities of the diflerent sulfonamide drugs probably vary with their 
chemical structure (12) It follows then that the relative concentrations of PE and 
SE arc directly proportional to the relative concentrations of P and S That is, 


(6) 

(PE) (P) 

ism ~ * (S) 

and 


(7) 

(P) *. 



Since {PE) and (SE) are infinitely small as compared with (P) and (S), the terms 
(P) and (3) may be considered equivalent to the total amounts of ^'^minobenxoic 
add (F.a.b^) and sulfonamide drug (Sulf ) added to the medium. 


( 8 ) 


(pA.b.a.) 

(SuU) 


The last equation given expresses precisely the linear relationship observed 
experimentally The dose agreement between the theoretical equation and 
the experimental data adds strong evidence in favor of the assumption that the 
sulfonamide drugs and ^ammobenxoic aad compete for the same enxyme site 
on the bacterial celL* 

If ^Kimlnobenzolc aad is essential for bacterial growth, and the sulfonamide 
drugs, through their chemical aimflanty to this essential metabolite, succeed 
in blocking the eotyinc system normally involved m its utflization, it obviously 
follows that the bacteria will not grow The fact that one molecule of ^ammo- 
bcnzolc aad will antagonize the action of several thousand molecules of drug 

* Smee the complebon of this manusenpt Wyss (20) has published similflr eipcri 
ments with ^>-aminobenioic add and sulfanilamide and has reached the same con 
elusion through a different type of mathematical analysis. 
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does not invalidate this theory as to the mechanism of bactenostasis, it may 
only mdicate that the essential metabohte has a far greater affimty for the 
enzyme than has the drug, m which case a great excess of drug will be required 
to block the essential metabohte from its bactenal enzyme The weU known 
lag m the bactenostatic action of the drug (21) may be explamed by assuming 
that the supply of />-ammobenzoic aad already m the medium (and possibly 
combmed with bactenal enzyme) must become inadequate before the rate of 
bactenal growth will be noticeably affected 

In conclusion it should be emphasized that although the experiments reported 
m the present paper strongly substantiate Woods’ theory as to the mechanism 
of action of the sulfonanude drugs, the final proof of the theory must await the 
identification and careful study of the enzyme system (or systems) mvolved m 
the utilization of ^ammobenzoic aad 

SUMMARY 

The followup observations have been made which substantiate the theory 
that the sulfonamide drugs used in the treatment of bactenal infections exert 
their bactenostatic effect by competmg with the essential metabohte, ^ammo- 
benzoic aad, for an important enzyme site on the bactenal cell 

1 />-Ammobenzoic aad was shown to nulhfy the bactenostatic effect of aU 
of the six sulfonamide compounds studied even though the drugs exhibited 
marked differences m chemical structure 

2 The bactenostatic potency of each sulfonanude drug was found to be 
directly proportional to its abihty to coimteract the antibactenostatic action 
of ^ammobenzoic aad 

3 In the case of each drug tested over a wide range of concentrations the 
minimum amount of ^ammobenzoic aad needed to prevent bactenostasis 
was such that the ratio of />-ammobenzoic aad to drug was constant 

4 The Imear relationship between />-ammobenzoic aad and drug was mter- 
preted as mdicatmg the competitive inhi bition of an essential enzyme reaction 
by a substance che mi c all y related to the substrate This mterpretation was 
supported by the fact that the equation denved on purely theoretical grounds 
re la ti n g drug and aad expressed the same Imear relationship as that observed 
experimentally 
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STUDIES ON THE ANTIBACTERIAL ACTION OF THE 
SULFONAMIDE DRUGS 

IL The Possible Relation op Drug Acnvrrv to Substances Other Than 
A'Ahinobenzoic Acid* 

By W BARRY WOOD Ji M J> , and ROBERT AUSTRIAN M D 
(From tht Bioloiiail Dmsvtn oj the Dtparttiunl of Uedteine, Johns Hopkvis UmvtrsUy 
lledical School, BoUwiore) 

(Received for publication, Dccanbcr 9, 1941) 

The relation of j^nminobenioic aad to the mode of action of the sulfonamide 
drugs has been discussed in the preceding paper (1) Dunng the past year the 
theory has been advanced that sulfapyridme and sulfathmxole prevent bac 
tenal growth by mterlenng with the functioning ol chemiohy related coen^me 
systems Fildes (2) first called attention to the chemical relation of sulfa- 
pyndme to mcoUnic aad and of sulfathmxole to thianonx West and C^o- 
bum (3) also noted the aimilarity of sulCapyndine and nicotinic add amide and 
reported tn vUro experiments with SlcpJtyloccccus aureus on the basis of which 
they suggested that suliapyndine exerts its bactenostatic effect by interfering 
with the formation of cozymase from mcotinamide Dorfman and his asso- 
aates (4) observed that suifapyridine inhibited the respiration of “resting*^ 
(5) dysentery bacilli and conduded that it acted by disturbing the respiratory 
function of the chemically related vitamin, nicotinamide Using pyndme-3- 
sulfonlc aad and its amide, rather than sulfapyndmc, McHwam (6) showed 
that sulfonic add derivatives of mcotmic and, when added to cultures of 
Staphylococcus aureus m a synthetic medium, inhibited the growth promoted 
by mcotinic add, nicotinamide, and corymase 

The attractiveness of the hypothesis that the group attadied to the sulfon 
amide radical mterfercs with the functioning of certain vitaimns and coenxymes 
is obvious when one considers the structural similanty of the compounds in 
volved Sulfapyndine,mcQtimc aad, nicotinamide, and corymase each possess 
a pyridine nucleus. The thia^e nng common to thiamm and cocarboxylase 
IS contained in the solfathiarolc molecule, and sulfadiazine is similarly related 
to and cocarboxylase through Its pyrmudine radical Smee nicotuuc 

aad, thiamm, and their correspondmg coenxymes are known to play important 
r6lcs m bacterial metabolism (7), it seems logical to assume that they may be 

* This study was supported m part by a grant from The Rockefeller Femndation 
Fluid Research Fond. 
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concerned in the bactenostatic action of the chemically related sulfonamide 
compounds 

To prove the hypothesis, however, it is necessary first to demonstrate that 
the antisulfonamide effect of the vitamm or its coenzyme is specific in the sense 
that it antagonizes only the chemically related sulfonamide drug For example 
mcotuuc aad and cozymase should inhibit sulfapyridme but not sulfathiazole, 
sulfadiazme, or sulfanilamide Thiamin and cocarboxylase, on the other hand, 
should block the action of sulfathiazole and sulfadiazme but should not influ- 
ence the action of sulfapyndme or sulfanilamide The exp eriments reported 
m the p resent paper mdic ate^^atJJie. antisulfonamide effect of thiamm, 
mcotinami de, and thej r respective coenzyme3_i3 m no sense specific and is due 
to stimulation of bacterial growth rather than to a direct antagomstic action 
upon the sulfonamide drugs These observations are discussed m relation to 
the mode of action of the complex derivatives of sulfamlamide, and a tentative 
explanation is offered for the vanations m bactenostatic potency exhibited by 
the different sulfonamide compounds 

Material and Methods 

Culture Media — ^The medium used m all experiments with Staphylococcus aureus 
was one of known chemical composition descnbed by Gladstone (8) The constitu- 
ents of the medium and the several fractions, which were sterilized separately by 
autoclaving or filtermg, are listed m Table L All of the labile fractions (part B) 
were added separately m the order designated. In the experiments with B colt the 
medium used was that descnbed m the precedmg paper 

Drug, Vitamin, and Coensyme Solutions — Soluhons of the vanous vitamins and 
coenzymes' used m the bactenological experiments were prepared by dissolving each 
substance either m the basal ammo acid fraction of the staphylococcal medium or m 
the synthetic medium for B colt, dependmg upon the organism to be used. The 
vitamins and coenzymes tested, and the final concentrapons m which they were 
employed, are designated below imder each experiment The soluPons were steril- 
ized by filtraPon through Seitz filters SoluPons of sulfanilamide, sulfapyndme, 
sulfathiazole, thionme, and methylene blue were prepared m a «iimilar manner except 
that instead of bemg filtered, the basal medium was brought to a boil just before the 
drug was added and the soluPon was then allowed to cool slowly without further 
heaPng Stock soluPons of the sulfonamide compounds and of methylene blue were 
made up m concentraPons of 10“* or 10~* molar, whereas thionme was prepared m a 
saturated soluPon The desired concentraPons for each experiment were attamed 
by ddupng the stock soluPons with the appropriate basal medium 

Organisms — The stram of Staphylococcus aureus used was one isolated from a 
rouPne throat culture. The organism was transferred from blood agar to 5 cc. of 
Gladstone’s a min o aad medium to which mcotinamide and iVuamin had been added 
jn final concentraPons of 10~® and 10~^ molar respecPvely Excellent growth was 

' Cocarboxylase and cozymase were supphed through the courtesy of Merck and 
Company 
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obtained m tbi» synthetic medium, and dally subcultures were made by adding 0 1 
cCr of a 24 hour culture to 5 cc of the medfum The inocuhim used m all experi- 


TABLE I 


Ctdlurt If tdiim /of Slapkyioccctut aurtus 


A. B4m 1 tmtno »dd frMtko 

KH»PO« 


Water 

550 mL 

NaOHlN 

26 mL 

S> Aspartic add 

0 20 gm. 

S-Vsiioe 

0 15 gm. 

S-Leudno 

0 15 gm. 

S-Alanlne 

0 10 gm. 

S Glutamic odd 


S*Iso-Leiiclae 

0 lOgm. 

S-PbenyUlanlne 

0 lOgm 

S-Lyslne hydrochloride 

0 10 gm. 

SGIydne 

0 05 gm. 

L(-)Prollne 

0 05 gm. 

L(— I-Oxyprolloe , 

0 05 gm. 

L(—)-Tyrotiae 1 

0 05 gm. 

LC+l-Arginioe hydrochloride j 

0 05 gm. 

Amino adds dissolved In the bu£er sohitloa made op to 600 ml, adhisted to pH 7 40, tubed 

In 3 ml, quandtks and sotnclaved. 


B [^bOa trsOkm (uUed to tsdi KQmtely) 

L(-) CyitijK, u/200 In "/lO HQ (Sdtx filta) 

0 10 mL 

NaOH m/ 5 (autoclave) 

0 05 mL 

S-ilcthlonln., u/100 (Selti filter) 

0 10 mL 

) Tryptophane, m/ 200 (autoclave) 

0 05 mL 

Glucose m/ 2 (Selts Elter) 

0 05 mL 

MgSOi 7H/3 m/ 60 (autoclave) 

0 12SmL 

FeCNH0,(SO0, 6H,0 Ji/500 In m/50 HQ (SeiU filter) 

0 125mL 

Water (aatoclave) 

1 4 mL 

C. YlUalatrMtko 

To TTiaVfi a Kfifj r;vv<him for daily subculture and for bacletiosUtk experiments, 0.5 cc. of 

a solution of 10^ m nlcnttrymMa and 10~* u thiamin chlorlde dissolved in the basal 

amino arid fraction was added to each tube making final concentrations of 10^ arsd 10~*^ 

respectively 



ments was 0 1 cc. o! a 1 10,000 ddution of the da3y subculture. Plate counts re- 
vealed that the inoculum contained between 10 000 and 20,000 organitms, giving a 
fini^l bacterial concentration of 2 000 to 4,000 viable organisms per cc. The strain of 
B coil and the m*nnfr In which it was cultured In the synthetic medium have already 
been fully described In the previous paper 
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EXPERIMENTAL 

1 Delernimalton of Ihe Concmtratwns of Thiamin, Cocarboxylase, Nicoltnamide, 
and Cozymase Optimal for the Growth of Staphylococcus aureus 

Knight’s experiments (9) to detennme the quantities of mco tm a mi de and of 
thiamin necessary for the optimal growth of the staphylococcus m Gladstone’s 
synthetic medium were repeated, and it was found that 10^ ai mcotmamide (or 
cozymase) and 10“® u thiamm (or cocarboxylase) would insure heavy growth 
m 42 hours when growth was estimated by notmg the degree of clouding m the 
culture tubes Growth curves revealed, however, that still higher concentra- 
tions of any of these four substances would cause more rapid multiphcation of 
the organism (Figs 1 A, 1 B, and 1C) Kmght’s assertion that 10~® m nico- 
tinamide and 10“’ II thiamm enabled optimal growth to occur was, therefore, 
not confirmed m the case of the present stram of staphylococcus That mcreas- 
mg concentrations of mcotmamide, cozymase, thiamm, and cocarboxylase 
accelerate the growth rate of the staphylococcus is a fact of primary importance 
m mterpretmg the antibactenostatic effect of these compounds to be described 
below 


2 Detenninatum of the Minimum Concentraiions of Sulfanilamide, 
Sttlfapyndine, Sulfathiazole, Thiamine, and Methylene Blue 
That Will Prevent the Growth of Staphylococcus aureus 

The minimum bactenostabc concentrations of the various drugs used were 
determmed by adding mcreasing concentrations of drug to successive tubes 
and notmg the smal lest concentration that would inhibit growth completely 
for 48 hours.’ This end pomt was measured with a reasonable degree of accu- 
racy by allowmg the concentrations m consecutive tubes to vary only withm 
relatively narrow Imuts The concentrations of sulfanilamide m several con- 
secutive tubes were, for example, 6 X M, 4 X 10“^ m, 2 X 1 X 10“^ ii> 

etc. The end pomts of the sulfonaxmde drugs were very constant when the 
same lots of medium and of drug solution were used New medium and new 
drug solution, when standardized, showed a maximum shift m drug end pomt 
of only one tube The dye end pomts were less constant, showmg a tendency 
to shift one or two tubes m successive experiments To ehmmate the signifi- 
cance of any possible variation, the position of the drug or dye end pwmt was 
checked m all subsequent experiments dealing with bactenostasis The mmi- 
mum bacteriostatic concentrations of the various agents tested are listed m 
Table H 


’ Macroscopically detectable growth 
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Aoorj Aours 

FlO 1 


A. Grorrth curve* of Slapkyhcoccus aurtus m synthetic mwiiiim containing in- 
creasing concentrations of mcotlrmmjde, 

B Growth curves of Staphylococcus aureus in synthetic medium containing in 
creasing concentrationa of coiymasc, 

C. Growth curves of Staphylococcus aureus in synthetic medium containing high 
concentrations of and cocarboaylasc. 

D Companion of the growth rate* of Staphylococcus aureus in 1(H u mcotin 
and in lO"* u co^rmasc. 
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3 The Anltsulfojtaimde Effect of Ntcoltnamide, Cozymase, Thtamtn, and 

Cocarboxylase 

When Staphylococcus aureus was used as the test organism, it was found 
possible to block* the growth-inhibiting effect of sulfanilamide, sulfapyndme, 
and sulfathiazole with mcotmamide when the latter substance was added to 
the synthetic medium m a concentration of 2 X 10“’ molar Lower concentra- 
tions of mcotmamide blocked more irregularly and a concentration of 10“* 
molar mcotmamide had no blockmg effect whatsoever Cozymase blocked the 


TABLE n 

lltmmunt Bacteriostatic Concentratums of Sulfonamide Drugs, Methylene Blue, and Thionine 
As Tested against Staphylococcus aureus tn a Synthetic Medium 


Sulfanilamide 

2 X icr^u 

Sulfapyndme 

8 X 10-*ir 

Sulfathiazole 

1 X 10-‘u 

Methylene blue 

1 X 10^ u (approximate) 

Thioijme 

1 160 dilution of saturated 


solution (approximate) 


TABLE m 


Blocking of Bacteriostatic Action of Sulfapyndme and Sulfatkiasole by Cosymase 


Solfapyndmo 

Sulfa thiaxole 

Drug coDcentntioa 

Buol medium 

Co^nuse 10~*u 

Drug concentration 

Haul medium 

Cozymue 10~* u 

6 X 10-* ii 

+ 

+ 

6 X 10-»si 

+ 

+ 

8 X 10-* SI 

0 

+ 

8 X 10-*si 

0 

+ 

1 X lO-^si 

0 

+ 

1 X l(k*ii 

0 

+ 

2 X 10-* SI 

0 

0 

2 X 10-‘si 

0 

0 


+ indicates visible growth of Staphylococcus aureus at the end of 48 hours. 


growth-inhibitmg action of these same drugs far more effectively havmg an 
antibactenostatic effect at concentrations between 10“* and 10“’' molar 
(Table iii) Thiamin and cocarboxylase, on the other hand, manifested only 
a barely detectable antidrug effect even at concentrations as high as 10“* molar 
As suggested by the next experiment, this last result may be explained by the 
relatively shght degree of growth stimulation brought about by thinmin and 
cocarboxylase m the synthetic mechum as compared to that caused by mco- 
tinamide and cozymase 

In cultures of B coh thiamm (10^ ii), riboflavm (10“® m), pyndoxme 

’ The term “block” will be used only with reference to the prevention of bacteno- 
stasis. 
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(10^ u), pantothenic acid (2 X 10^ w)# crystalhn biotin (37 per cc), crystalhn 
methyl biotin^ (37 per cc), mcotmamide (10"* u) cocarboxylose 10^ u) and 
cornnase 10^ m) oil faded to exert an antisuifonaimde effect All of these 
compounds also failed to increase the antlbacteriostatic action of qnifill amounts 
of jfr-aminobenzoic aad simultaneously added to the medium. 

4 Corrclaitcn of Uu AniibacUnosUitic AdUm of NicoUnamidey CosymeUf 
rAwmm, and Cocarhoxylasd mlh Thtir Ahlxly to Stmulais 
BacUnal Grenvih 

Instead of influ^cm^ only the chemically related drug sul^pyxidme, idG>^ 
tinnmlde and coxymase were shown to bloch the bacte riostatic actipp of all_ 
three sulfonam id e compoun ds This observation suggested that the blocking 
effect might be due to stimulation of growth rather than to a direct antagonistic 
action upon the drug An attempt was made to correlate the antibacterio- 
static effect of mcotinamide and coxymase with their ability to stimulate 
growth The rate of growth of the staphylococcus m basal medium was 
compared to that in medium containing from 10^ to 10^ molar nicotmamide 
or from ICM to 10”^ molar cozymase. It can be seen from the resulting 
growth curves (Figs. 1 A and 1 B) that the stimulating effect of coxymase Is 
much greater than that of mcotinamide As stated above, the limiting block- 
ing concentration of mcotinamide, the bwest concentratioa that will reverse 
the Inhibition of growth by a sulfonamide drug, is approximately 10^ molar 
whereas that of coxymase is between 10^ and 10"'^ molar If the growth rates 
of the staphylococcus In molar mcotinamide and in 10^ molar coxymase 
arc plott^ on the same graph (Fig ID), it can be seen that they arc approx! 
matcly the same, indicatin g a dose conel ation be tween the growth promoting 
properties and the drug blocking effect of the cqmpo^i^ 

SimnaTcxpenments^wcre also earned out with B coli grown m the synthetic 
mHfiirn described m the preceding paper Neither mcotinamide nor coxymase 
is a growth factor for B cait as each is for Staphylococcus aureus^ and repeated 
growth curves showed that coxymase did not stimulate the growth of B coli 
m the tynthetic medium, Faibi^ to adulate growth, coaym^, even m con_ 
centration s of lOr* molar, failed also to block tl^action of any of the sulfon 
am^Am dru^^ It'appSs,^ Aereforc,'*timT the antibact^&tatm action of„_ 
nicotmamide and coxymas^ dependent ui»n accel^tion of bacterial growth^ 
rather than upon a direct anUdrug effect. 

5 Loch of Speafictiy in the Antibadoriostaiic Effect of Cozymase 
Quantitative experiments were carried out to determme whether or not the 
blocking effect of coxymase was greater agamst sulfapyndme to which It Is 

^ Obtained through the courtesy of Professor V du Vlgneaud, Cornell Univenity 
Medical School 
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chemically related than against sulfanilamide or sulfathiazole to which it is 
unrelated The degree of blocking by cozymase of each of the compoimds was 
found to be approximately the same (Table m) 

To detemune whether or not the antibacteriostatic action of cozymase bore 
any specific relation to the sulfonamide group of drugs, cozymase was titrated 
against thiomne and methylene blue Both of these compounds are dyes which 
probably achieve their bacteriostatic effect by altenng the oxidation-reduction 
potential of the culture medium (10), a mechanism apparently qmte different 
from that by which the sulfonamide drugs act (1) Cozymase blocked the 
growth-inhibitory effect of thionme regularly Less satisfactory results were 
obtained with methylene blue because of the mstabdity of the bactenostatic end 
pomt of this dye, but the general result was the same as with thiomne These 
expieriments are compatible with the view that the drug-blockmg effect of 
cozymase is unrelated to the chemical structure of the drug mvolved and merely 
results from the stimulation of bacterial growth 

6 The Failure of Su lfamlamide, Sulfapyndtne, and SidfaUnazole to Aj^ectjhe, 
m Vitro Action of Cocarboxylase As a Coenzyme 

Cocarboxylase is known to function as a coenzyme m the decarboxylation of 
pyruvate by the enzyme carboxylase contamed m yeast The activity of 
cocarboxylase may be convemently estimated by measurmg manometncally m 
the Warburg apparatus the rate of evolution of COj from a carboxylase- 
cocarboxylase-pyruvate mixture The method employed m the present studies 
was that of Lohmann and Schuster (11), the reaction bemg earned out at a 
pH of 6 6 ‘ The possible inhibitory action of sulfanilamide, sulfapyndme, and 
sulfathiazole upKin the functiomng of cocarboxylase was tested by carrymg out 
the reaction m the presence of a final concentration of 10 mg per cent of drug 
Although sulfathiazole, which is chemically related to cocarboxylase, was added 
m concentrations 50 to 200 times greater than that of the coenzyme, it failed 
to influence the reaction Sulfanilamide and sulfapyndme hkewise were with- 
out effect. In preliminary unpublished experiments with sulfapyndme and 
the cozymase-apozymase system, Walti also failed to detect any inhibitory 
effect of the drug upon the action of the coenzyme (12) 

DISCUSSION 

Duect evidence has been presented m the precedmg paper supportmg the 
theory that the sulfonamide drugs prevent bacterial growth by mterfermg 

®The dned yeast preparation used as a source of carboxylase and the sodium 
pyruvate were supphed through the courtesy of Dr Otto Bessy of the Department of 
Biological Chemistry, Harvard hledical SchooL The authors are grateful to Dr 
C L Gemmel of the Department of Physiology, Johns Hopkins Medical School, for 
the Warburg apparatus used m these studies 
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with the metabolic function of p-aminobenzoic aad Accordmg to thu theory 
there are at least two possible explanations for the fact that some of the 
more common derivatives of sulfanflamide ore considerably more potent 
bactcnostatic agents than the parent drug First, the greater bacteriostatic 
powers of the substituted sulfonamide compounds, such as sulfapyndine, 
sulfathiaiole, and sulfadiazine, may be explained by acL’niming that the rad 
ical attached to the sulfonamide group interferes with the metabohsm of a 
second substance essential to the bacterial cell, just as the ^>-amino nucleus of 
these compounds apparently disturbs the function of p-aminobenzoic acid 
Such a dual effect on the part of the more complex derivatives of suUamlamide 
might well account for their mcrcased bactcnostatic potency Second, the 
greater antibactenal powers of the substituted sulfonamide compounds may 
be explained by assuming that the chemical group attached to the sulfonamide 
radical enables the compounds to interfere with the metabohsm of j>-ajnino- 
benzoic aad more effectively than docs the simpler sulfanflamide molecule. 
According to this second h ypothesis the onl y metabolic f unction of Jhc l^c 
cell mte rfe red with by the sulfonamide impounds is that concerned 
^ththc uUhMUon of p>aminobenzo(c aad, the degree to which t^ function 
iTHisturbed detennimng the relative bactcnostatic policy of the drug 

The first of these hypotheses has received support in the pubUcations of 
Dorfman and his coivorkers and of West and Cobum, who have advanced the 
view that sulfapyndine speofically alters the metabolism of the pynduie<on 
taming coenzyme, cozymase On purely ifaeoretical grounds the same reason 
mg might be applied to sulfathiozole and sulfadiazine since both of these com 
pounds are structurally similar to thiamm and its cocn^Tue, cocarboxylase 
The results of the expenments repo rted m th e present pa per however, fa il to 
ro^^^lhe v^ tTO^tEe'^cmial'^up linked to the sulfonamide radical 
plays a specific rfile in mterfering withc^ei tbFfpnnatipn or the function^ 
"of the analogous coaozyme. It has been shown that the entisulfonamide 
effect of CDxymase, emphasized by West and Cobum, is in no sense specific 
but 13 due to its action as a growth stimulant rather than to a directly antago- 
nistic action against the drug • Also the tn viiro activity of the coenzyme, 
cocarboxylasc, was found to be -una^^tfid by thrrchemually related sulfoi^ 
rnmpnii'nHpauIfathi^^ when the latteT^^ present m oincen 

ttations "SiOtoes greater t^ the Both of these observations 

casFgm^ doubt^upon the attractive theory that the bactcnostatic effect of 
sulfapyndine, sulfathiazole, and sulfadiazine la related to their structural 

• It should be pointed out that ^-amioobenzolc aad blocks efficiently the sulfona 
mide drugs m a medium m which It fails to stimulate growth (1) The dusodaUoii 
of growth stimulation and antidnig effect would appear to be fundamental In deter 
mining whether a given chemical compound is specifically related to the mechanism 
of bactenostasis 
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sinulanty to nicotinamide, thiamin, and the respective coenzymes The re- 
sults likewise fail to substantiate the view that the greater antibacterial power 
of the more complex sulfonamide drugs is due to a dual effect upon the metab- 
olism of the bacterial cell as compared to the smgle effect exerted by the 
simpler sulfanilamide molecule 

The second hypothesis advanced to explam the differences m bacteriostatic 
potency exhibited by the vanous common sulfonamide drugs is, on the other 
hand, entirely compatible with the observations reported m the previous 
paper ^ Ammobenzoic acid was sh o wn to b lock the_bacje nostabc effect of 
all of the sulfonamide compojmds studied, regardless of their chemical struc- 
ture, ancPfE^bactenoitatic potency of ^ch drug was found to be difec^ 
proporEonal~to its abihty to nullify the blocking effect of j>-ammobenzoic 
aad Both” of these observations suggest that all of the sulfonamide drugs 
sfiidied^use bactenostasis by mterfenng with a smgle metabohc function 
of the bactenal cell, namely that concerned with j>-aminobenzoic acid 

Evidence has been presented also that the drugs exert their bacteriostatic 
effect by competmg with j)-aminobenzoic acid for the enzyme system normally 
mvolved m its utilization If the mechanism of bactenostasis concerns only 
the competitive inhibition of this particular enzyme system, it must be as- 
sumed that the relative bacteriostatic power of a given sulfonamide drug 
depends upon its relative abihty to disturb the function of this essential S 31 S- 
tem Such an assumption is not without foundation for analogous variations 
m competitive inhibition by related chermcal compounds are co mm on m 
enzyme chemistry For example, Quastel and Wooldndge (13) have shown 
that vanous orgamc aads havmg m common the structure 



ciU] 

I 

COOH 


or 


— CH 

I 

COOH 


inhibit the important respiratory enzyme, succmic dehydrogenase The 
authors have attributed the inhi bition to the structural s imilar ity of these 
compounds and the speaffc substrate, succmic acid, and have postulated that 
the common chemical configuration causes the inhibitors to become adsorbed 
on to that part of the enzyme surface which nor mall y adsorbs and activates 
the substrate Quastel and Wooldndge have demonstrated m addition that 
all of the related aads do not cause the same degree of inhi bition, the m- 
hibitory effect bemg quantitatively different m the case of each compound, 
presumably because of a specific degree of affini ty for the enzjrme Thus the 
present h 3 qx)thesis advanced to explam the mode of action of the sulfo nami de 
drugs may be considered exactly anal ogous to the competitive inhi bition of 
succmic dehydrogenase, for the experimental evidence strongly suggests that 
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s al f a nilami de and its derivatives, due to their chemical similanty to ^amino- 
benzoic aad, competitively inhibit the enzyme involved in its ublization and 
that different sulfonamide drugs inhibit thw essential enzyme reaction in 
different degrees. 

To prove conclusively this “unitanan theory** as to the mechanism of 
sulfonamide bactenostasis it will be necessary first to Identify the enzyme 
system that utilizea ^ammobenzoic aad and secondly to demonstrate that the 
relative bacteriostatic power of a given sulfonamide drug is directly propor- 
tional to its abflity to inhibit this particular enzyme ^tem An attempt is 
now bemg made to identify the enzyme (or enzymes) mvolved m this appar- 
ently vulnerable (ycle of bactenai metabolism 

smaiARY 

1 In cultures of Staphylococus aurtus in a synthetic medium mcotinamide 
and cozymase were shown to block tlm bacteriostatic action of chemically 
unrelated sulfonamide drugs as well as the chemically related compound sulfa 
pyridine. The antibacterial properties of organic dyes totally unrelated to 
the sulfonamide compounds (methylene blue and thiomne) were also nullified 
by the addition of cozymase to the culture medium. 

2 The antagonistic action of the pyndine-contaming coenzyme, cozymase, 
was found, by quantitative study, to be no greater against sulfapyndine than 
against other structurally di'mmilar sulfonamide compounds. 

3 The antidrug effects of nicotinamide and cozymase in staphylococcus 
cultures were observed to be directly proportional to their abUity to stimulate 
the growth of the organism m the synthetic medium. When tested in cultures 
of B coh m which they failed to accelerate bacterial growth, these same 
substances failed to influence the bacteriostatic action of the sulfonaoudc 
drugs, 

4 The vt vitro action of the coen^mie, cocarboxylase, as measured m the 
Warburg respiromcter, was shown to be unaffected by the chemically related 
drug, suifathiaxole, even when the latter was present m great excess. 

The above observations fail to support the theory that sulfapyridinc, sulfa 
thiazole, and sulfadiazine prevent bacterial growth by mterfenng with the 
functioning of the chemically related coenzymes, cozymase, and cocarboxylasc 
The mode of action of sulfanilarmde and its more common derivatives is 
m the light of these observations, and a tentative theory is offered 
to explain the differences m bactenostatic potency exhibited by the various 
sulfonamide compounds. 
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STUDIES ON THE PURIFICATION OF POLIOMYELITIS VIRUS 

L Yields and Aciivity of Peepailations Obtained by Differential 
Centeifuoation* 

Bt HUBERT S LORING PaJ) ajo) C E. SCHWERDT 
{From the Dtparlmini of Ckoottsiryt Stanford UmvenUy Caltfomia) 

(Received for publication, December 29, 1941) 

The appUcation of high speed differential centrifugation to the punficatwn 
of poliomyehUs vims has been a logical step since Stanley and Wyckoff (1) 
showed that relatively small and unstable plant viniscs could be isolated as 
homogeneous materials by this method The sedimentation of poUomyehtis 
virus in an ultracentnfuge was first demonstrated by Schultz and Raffcl (2), 
and more recently Clark, Rasmussen, and White (3) obtained sediments which 
showed an irregular but m some instances high virus activity While it has 
been shown that high speed centrifugation resulted m a sedimentation of the 
virus, evidence has not been provided that other maCTomoIecuJar materials 
associated with normal tissue were not also sedimented along with the virus 
under these conditions. In view of the work of several mvestigators (4-6) 
on the concentration of macromole cular materials from various normal animal 
tissues, such constituents might very well be present together with virus m the 
high molecular weight fractions obtamed from pohomyehtis-infected tissues- 

This paper presents the results of experiments on the application of differ 
cntial centrifugation to the extracts of glyccrolated or frozen, infected meduUae- 
cords from ritssus monkeys and to similar extracts of glyccrolated or frozen, 
normal meduUae-cords, The results show that when extracts of infected as 
well as normal cords, that have been stored in glycerol, ore subjected to high 
speed centnfugatioD, appreciable yields of high molecular weight substances 
are obtained- However, when normal tissue that had been frozen and stored 
for appreciable lengths of tune was used, no significant amount of high molec- 
ular weight, rntrogcn-containing compounds was recovered- Frozen infected 
tissue, on the contrary, yielded small but significant amounts of high molecular 
weight material poss^sing both a hi^ and uniform virus activity 

EXPEROCENTAL 

Purification of the virus by differential centrifugation requires (1) the 
preparation of large quantities of infectious extract free from tissue fragments 

• Aided by a grant from The Natioaal Foundation for Infantile Paralysis, Inc. 
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and bpoidal material, (2) the separation of the virus from soluble constituents 
of low molecular weight, and (3) the separation of the virus from high molec- 
ular weight substances which are thrown down with the virus m the ultra- 
centnfuge The first step was accomplished by suspendmg the mfected cords 
m buffer by means of a Warmg blendor, by centrifugmg the tissue suspension 
at 3800 R F M m a large angle centrifuge, by extractmg the supernatant hquid 
with ether, and then by filtermg the aqueous extracts through cehte The 
virus was sedimented, and aggregated colloidal material was removed by 
centrifugation m an air-dnven centrifuge of the unproved Pickels’ design* (7) 
The virus used was the M V stram mixed with a stram provided by Dr 
Charles Armstrong m 1936 and earned m monkeys smee then by Dr E W 
Schultz The details of the procedure which was apphed both to mfected 
and normal tissues are as follows 

The spinal cord and medulla from each animal was removed asephcally and either 
dropped mto a 1-1 glycerol-0 1 ii phosphate buffer mixture at pH 7 and stored m a 
refngerator or placed m a large test tube (25 X 200 mm.) and stored m a freezmg 
chamber at — 10°C About 100 gm, of the pooled glycerolated tissue, dramed free 
of the glycerol-phosphate solution, or the same amount of the frozen tissue, and 
200 ml of buffer cooled to O^C were mixed m the blendor for 3 mmutes During 
this tune, the temperature of the mixture mcreased to about 15°C , and it was neces- 
sary to cool the contamer m ice before mixmg was contmued In this way the 
suspension was mixed for a total of about 15 mmutes It was then transferred to 
100 mL centrifuge bottles and centrifuged at 3800 R J il m an angle centrifuge m a 
room mamtained at 2‘’C imtd a relatively dear supernatant flmd was obtamed. 
The time necessary varied with the solvent used. About li hours were necesssary 
when Rmger's solution was used and about 3 to 4 hours when water or 0 05 M phos- 
phate or 0 01 II borate buffer was used. The supernatant flmd was pipetted off, 
and the residue agam transferred to the blendor and extracted as before with an 
additional 100 mL of ice-cold solvent for about 3 mmutes This suspension was 
centrifuged m the angle centrifuge, and the supernatant flmd removed as before. 
In this way a third, fourth, and m many cases a fifth extract was prepared. 

The extracts, which at this stage were milk y m appearance, were combmed and 
extracted m a separatory fuimel with one-half a volume of ether An emulsion 
was obtamed which was broken m the angle centrifuge mto an ether layer, a middle 
layer of semisohd gelatmous material, and a clear aqueous bottom portion The 
aqueous layer was removed, and the semisohd material re-extracted once with buffer 
The amount of this semisohd material varied greatly with the buffer used m prepar- 
mg the onginal extract. It was decreased to a thin skm-hke layer m each centrifuge 
tube when Rmger’s or physiological salt solution was used but was as thick as a 
centimeter when the tissue was extracted with water or ddute buffer The extracts 
were now almost water clear with the exception of a few particles of sohd which 
were removed by filtration through a thm layer of a mixture of approximately equal 


* The authors are mdebted to Dr E G Pickels for providmg photographic copies 
of scale drawmgs of the dnvmg mechanism. 
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parts of Hyflo and Standard supcrccL The filtrate from other infected or normal 
cords vrva a clear liquid usually slightly pink In color due to the presence of small 
amounts of hemoglobin. That from poliomyelitic tisiuca was infectious In about 
100 per cent of the monkeys injected intiaccrebrally with 1 ml of a 1 to 1000 dflu 
bon based on the vfclght of cords extracted. 

A volume of the dear filtrate equal to 112 mb, in eight stamlas steel tubes was 
centrifuged at 600 rj s for hours m a dowmetal head mmif ar in design to that 
described by Wyckoll and Lagsdin (8) The head was cooled to 0®C at the begin 
ningof arunandwarmedup toabout 10®C after IJ hours. The average centnfogal 
force was about 79 000 X gravity After a centrifugation run the supernatant hqid 
was carefully pipetted off and replaced with an equal amount of the dear citiact, 
which was m turn centrifuged at 600 R.PJ In this way the high molecular weight 

TABLE I 


Excmpla of Analyta <f Sup€rMtani Liquids afkr Suusssnt Sedimmiaiums of Bi^k ILeUadar 
ff aikt Coasiituatls ai 600 X~PJ 


ExfcH- 
aeai No. 

Anocat ud tfpt ot cunlns suUfUl 

TduI biUofta la 

eXtIMt 

SapMUUat tkraid* Imt tucodr* 

ctapitBsatteta 

m 

ES 

ES5I 

B39 

Futa 



■4 

•H 

mt 

•c 


«i 

6 

100 gizL ^ycorolated virus cords 


269 

0 63 

0 11 



19 

88 gm. froxen normal cords 


229 

3 4 

0 80 

0 30 

0 26 

20 

85 gm. frosen virus cords 


268 

1 74 

0 36 

EEl 

0 035 

22 

44 gm. froxen virus cords 


180 

1 67 

0 47 

0 19 

0 14 

23 

105 gm. fiTuen virus cords 


196 

1 23 

0 16 


0 oil 


With the exception of Eipedment 22, the pooled tissues were obtained from rkssus moo* 
keys. In Experiment 22 the tissues were obtained from cynomsiius monkeys. The solvents 
used were os follows In Experiment 6, 005 ic phosphate at pH 7J, In Experiments 19 and 
22, 001 SI borate at pH 7.8, and in Expedmenis 20 and 23 Rlnger^s solution. Nitrogen 
determined by method of Levy and Palmer (9) 

materials in the extract from 100 gm of tissue and m some cases from 200 gm- was 
concentrated into eight tubei. The sediments were combined and resuspended in 
about 28 mb of solvent Aggregated coltoidal particles were removed from this 
solution in the alr-dnvcn centrifuge by running it at a speed of 500 a.p.s for a few 
minutes. The supernatant fluid and the wash hquid from the sediment obtained 
■iter a niTwHir run up and down were then subjected to a second sedimentation run 
at 600 for li hours The supeniatant liquid was pipetted off the sediment 
resuspended in buffer and aggregate material again removed as before. 

Analysa of the supernatant hqulds from each successive sedimentation showed 
that the amount of unsedimentable nitrogen decreased and was insignificant after 
the fourth sedimentation. Most preparations were, therefore, subjected to four 
centrifugal cycles of purification before they were considered free from low molecular 
weight constituents. Examples of the amounts of nitrogen present m successive 
supernatant liquid* from extracts of Infected and normal tissues when phosphate, 
borate, or Rin^s solution was used are shown In Tabic I 
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The sediment obtamed after four sedimentations was dissolved m a small volume 
of solvent, the solution was centrifuged at slow speed to remove any msoluble residue, 
and an ahquot was analysed for total mtrogen by the method of Levy and Palmer 
(9) Aseptic techmque was used throughout the purification procedures and the 
temperature was kept as near 0°C as possible. The time reqmred for the prepara- 
tion of the extracts and for the purification of the high molecular weight constituent 
from 100 gm. of tissue averaged about 10 days 

Recovery of Vtrtis Activity after Ultracentnfugation 

To determine the efficiency of the above described method m sedimentmg 
the VITUS and to obtain a rough measure of the loss of virus m the discarded 
supernatant hqmds, a sample of infectious filtrate was subjected to three 
centrifugal cycles of purification. This mvolved sedimentation, removal of 
the supernatant hqmd and re-solution of the sedimented matenal m fresh 
solvent The activity of the sediment was compared with that of a similar 
quantity of filtrate, which had been treated m the same way with the exception 
that the sedunent was redissolved each tune m the onginal supernatant hqmd 
The results found m three experiments are shown m Table II 

Acimly Tests — In aU cases m which a preparation was tested for virus activity, 
1 mL of the dilution or concentration tested was mjected mtracerebrally mto rhesus 
monkeys under ether anesthesia The dilutions were prepared immediately before 
moculation m the same bufier used for the extraction of the mfected tissues After 
mjection the animals were observed daily for tremors and the onset of a flacad paral- 
ysis Those which developed paralysis were sacrificed withm a day or two after 
the paralysis had become extensive In a few cases m which arnmak died dunng 
the mcubation penod without showmg paralysis, histological examinations were 
made of the medulla and cord. If typical lesions were found, the test was con- 
sidered positive Animals which failed to develop pohomyehtis withm 3 weeks after 
mjection were counted negative, and were used agam m later experiments These 
monkeys almost without exception finall y came down with pohomyehtis 

It can be seen that the amount of virus actmty present m the sedunent 
obtamed after one or three centrifugal cycles of purification was approximately 
the same as that of the original extract or of the control m which the sediment 
was redissolved each time m the orig inal supernatant hqmd The amount of 
virus aggregated because of packmg m the centrifuge or lost m the discarded 
supernatant hqmds was not sufficiently great, therefore, to be detected by these 
mfectivity measmements Several experiments on the activity of the super- 
natant hqmds obtamed after a run at 600 R p s gave results which led to the 
same conclusion The supernatant hqmd was infectious m only a small 
percentage of the animals mjected with doses of 1 ml Before ultracentnfuga- 
tion, 1 ml of the clarified extracts was usually infectious at a dilution of about 
1 120 
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Yields of nigh Molecular Weight Materials from Glycerolaled and Frozen Infected 
and Normal Tissues 

The yields of sedimentable mtrogen obtained from pobomyeUtis-infected 
and normal cords when subjected to the above described procedures are 

TABLE n 

Recovtry of PoiicmyxItUs Virus AcUaly ajler Ccnirifutallcn at 600 ILPS Jor 1\ Hours 


DDatku {bued oa wdebt of tbao* 
utncUo) 



t soo 

1 1000 

1 2000 

1-4000 

1 Onginal extract 

Experiment 1 i 

++* 

++ 

+- 

+ - 

2. Original extract centrifuged and sediment resus* 
pended m supernatant liquid 

Experiment 1 

++ 

+- 



2 

+-f 

+- 

++ 

+ - 

3 Original extract centrifuged, supernatant liquid i 
discarded, and sediment resuspended in volume 
of buffer equal to that of supernatant liquid. 
Experiment 1 

++ 

+- 

++ 


2 


+- 

"1 

— 

4. Ooce-sedimented virus treated two additional 
times os In 2 

Experiment 1 

++ 

+- 

++ 

++ 

2 

++ 

+- 

— 

+- 

” 3 

++ 

+- 

+ + 


5 virus treated two additional 

times aa In 3 

Experiment 1 

++ 

+- 

++ 

+- 

« 2 

++ 

+- 

+- 

+ - 

3 

++ 

++ 

++ 



In Eapcrimenti 1 and 2 ^ aring hltndor extracts before ether eitniction were uictL In 
Experiment 3 tiie extract was further clarified by ether extraction, etc. In Experiments 
1 2, and 3 the buffer conibted of 0.01 molar borate at pH 73 distilled water and Ringer’s 
solution without ghicose respectively 

• Eff‘-h + sign that the monkey developed poliomyelitis. Each — sign indicates 

that the monkey failed to devek^ poUomjxlitis within 3 weeks, but later either proved 
susceptible or d l"i from other causes. 

shown m Tabic HL Data aro mcluded for tissues that had either been stored 
in glycerol at 5°C or kept m the froeen state at — 10°C To provide a measure 
of the length of hme the tissues were stored m each experiment, the average 
age of the pool 13 given. This was obtained by dividing the total length of tune 
all the cords m a pool were stored by the number present. The number of 
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cxjrds, in most experiments, and the dates they were removed and the extracts 
prepared are as follows 

Expenment 7 —Aug IS, 1938, to Nov 18, 1939 Extracted Apr 22, 1940, Ex- 
periment 11 May IS to June 2 Extracted June 19, 1940, Expenment 16 Aug 9 


TABLE in 

Ytdds o} High Molecular Weight Constituents from Infected and Normal Tissues 


Type of 
tutue 

Method of storage 

Experi 
ment 
No • 

Average 
length of 
tune tissue 
wu stored 

Time 
required 
for puri 
fiention 

Amoimt 
of tissue 
ground 

No of 
sedimen 
tadons 

Yield 

(nitro- 

gen) 

Yield 

nitrogen 

per 

100 gm« 
tissue 



■ 

dayt 

days 

r« 


mi 

mi 



Wm 

386t 

30 

107 

4 

0 97 

0 91 


In 50 per cent 

IB 

26 

20 

195 

3 

0 95 

0 49 

Infected 

glycerol-phos 

IB 

42 

8 

92 

3 

2 1 

2 3 


phate at 5°C 

mm 

140 

77 

85 

4 

0 57 

0 67 



27 

283 

11 

209 

3 

0 98 

0 47 



20 

81 

6 

85 

5 

0 15 

0 18 



21 

145 

8 

70 

3 

<0 01 

<0 01 



22 

7 

8 

44 

5 

0 51 

1 16 

Infected 

In stoppered tubes 

23 

85 

9 

103 

5 

0 078 

0 076 


without solvent 

24 

105 

10 

170 

3 

0 12 

0 071 


at -10°C 

26 

30 

12 

186 

3 

0 19 

0 10 



28 

9 

8 

170 

3 

1 0 

0 59 



29 

13 

17 

73 

4 

0 16 

0 22 



30 

19 

8 

93 

3 

0 39 

0 42 


In 50 per cent 








Normal 

glycerol phos- 
phate at 5°C 

31 

54 

13 

57 

3 

0 22 

0 39 


In stoppered tubes 

19 

4 

10 

70 

5 

2 74 

3 91 

Normal 

without solvent 

25 

54 

10 

111 

3 

0 04 

0 036 


at -10°C 

32 

34 

4 

112 

3 

0 18 

0 16 


* Experiments 19, 20, 22, and 23 are the same experiments referred to m Table I The 
solvents used m the other experiments were as follows 7, 11, and 16, 0 05 ir phosphate at 
pH 7^, 17, 0 01 M sodium borate at pH 7 8, 21, Rmger’s solution, m all other experiments 
Rmger’s solution without glucose 

t The cords m this pool were collected m connecbon with earher studies earned out by 
Professor E W Schultx 

to OcL 14, Extracted Oct 23, 1940, Expenment 17 June 1 to July 8 Extracted 
Nov 9, 1940, Expenment 19 One each on Feb 7 and 9, three on Mar 19, and five 
on Mar 20 Extracted Mar 21, 1941, Expenment 20 One each on Dec. 4, 5, 13, 
27, 28, and 30, 1940, and Mar 7, 1941, and two each on Jan 6 and Mar 6 Extracted 
Apr 4, 1941, Experiment 21 One each on Nov 17, 28, and 29, and three each on 
Nov 16 and 20, 1940 Extracted Apr IS, 1941, Expenment 22 Three on Apr 











HUBERT S LORINO AND C E SCHWERDT 


401 


2 L and five each oa Apr 20 and 22 Extracted Apr 28, 1941 , Experiment 23 Five 
on Nov 13, 1940, one each on Mar 8 9, 11, and Apr 17, two on Apr 19, and four 
on Apr 20 Extracted May 14, 1941 Eipcnment 24 Nine on Nov 14 and three 
on Nov 15, 1940, one each on May 8, 10, 12, 16, and 18, three on May 14, two each 
on May IS and 17 Extracted ilay 29, 1941, Experiment 25 One each on Mar 
25, Apr 16, 22, and June 10, two on Ma> 24 and four on July IS Extracted July 

21, 1941, Experiment 26 May 21 to July 22 Extracted July 25, 1941, Expexi 
ment 27 One each on OcL, 15 16 24, 25, 26, Nov 8 9, and 11, two each on Oct. 
21andNov 4, and four on Nov 12 1940 ExtractedAug 11, 1941, Experiment 28 
One each on July 23 Aug 6, 22 23 and 26, two each on Aug. 24 and 25 three on 
Aug 8 and five each on Aug 14 and 16 Extracted Aug 27, 1941 Experunent 29 
Five each on Aug 26 and 27 Extracted Sept. 9, 1941, Experiment 30 One each 
on Aug 26 and Sept 19, three on SepL 20, and »ix on Sept, 22, Extracted Oct. 8, 
1941 , Expenmenl 31 One each on June 24, July 18 19, and Oct. 8, two on Oct. ^ 
Extracted Oct. 21, 1941, Experiment 32 OneeachonAug 14 and Nov 4, two each 
on Aug 4 OcL 9 and 28, three on OcL 10, and four on OcL 30 Extracted Nov U, 
1941 

Appreciable amounts of high molecular weight materials were obtained 
from both glycerolated nonnal and infected tissues regardless of the length 
of time the tissues were stored. The results with frozen tissues, m genemlt 
show a striking deaease in the amounts of high molecular weight substances 
presenL It Is evident, however, that the yield varies, depending on the period 
of storage In Expenments 22 and 28, m which the cords had been stored for 
only a short time relatively large quantities of high molecular wei^t materials 
were ob tamed. In contrast to these, m Expenments 21 , 23, and 24, m which tiac 
tissues had been kept for from 2 to 5 months on the average, only small yields 
of sedimentable mtrogen were isolated. As shown in Experiments 19, 25, 
a nd 32, results were obtained with nonnal tissue stored at — 10®C 

While the number of the latter experiments is not sufficiently large to lead to a 
final conclusion, the data suggest that such storage has a more pronoimccd 
effect on the high molecular weight constituent present m the normal than in 
the infected cords 

Vvut Aci\,vxiy of Sed\maiU from Glycerolated and Proien Infected T%ssue 

The VITUS activities of the sediments from glycerolated and frozen infected 
cords were determined by finding the minimum quantity in terms of mtrogen, 
which would produce typical pohomyeUbs when mjected mtracerebrally into 
nonnal rhesus monkeys. The results found for eleven different preparations 
are shown in Table IV It can be seen that with the exception of Experiment 

22, infections were regularly obtamed with 5 X 10"* gm of mtrogen of the virus 
sediment m a volume of 1 mL, when the infected tissue had been frozen before 
extraction In most some infection was also obtained with 5 X 10”“ gm. 
The regular infective dose when ^yccrolated tissue was used was 5 X Ip^ to 
5 X 10“' gm,, and only about 30 per cent of the animals tested with 5 X 10^ 
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cords, in most experiments, and the dates they were removed and the extracts 
prepared are as follows 

Expenmenl 7 — ^Aug 15, 1938, to Nov 18, 1939 Extracted Apr 22, 1940, Ex- 
periment 11 May 15 to June 2 Extracted June 19, 1940, Experiment 16 Aug 9 


TABLE m 

Yields of High Molecular Weight Constituents from Infected and Normal Tissues 


Type of 
tiisiio 

Method of storage ! 

Eiperl 1 
ment 
No • 

Average 
length of 
time tiuue 
was stored 

Thne 
required 
for puri- 
fication 

Amount 
of tissue 
ground 

No of 
sedimen 
tations 

Yield 

(nltro 

sen) 

Yield 

nitrogen 

per 

100 gm. 

tiswe 



mm 

days 

days 

XCT 



mt 



mm 

386t 

30 

107 

4 

0 97 

0 91 


In SO tier cent 

n 

26 

20 

195 

3 

0 95 

0 49 

Infected 

glycerol-phos- 


42 

8 

92 

3 

2 1 

2 3 


phate at S°C. 

■a 

140 1 


85 

4 

0 57 

0 67 



27 

283 


209 

3 

0 98 

0 47 



20 

81 

6 

1 

85 

5 

0 IS 

0 18 



21 

145 

8 

70 

3 

<0 01 

<0 01 



22 

7 

8 

44 

5 

0 51 

1 16 

Infected 

In stoppered tubes 

23 

85 

9 

103 

5 

0 078 

0 076 


without solvent 

24 

105 

10 

170 

3 

0 12 

0 071 

1 

at -10'’C 

26 

30 

12 

186 

3 

0 19 

0 10 



28 

9 

8 

170 

3 

1 0 

0 59 



29 

13 

17 

73 

4 

0 16 

0 22 

1 


30 

19 

8 

93 

3 

0 39 

0 42 


In 50 per cent 








Normal 

glycerol-phos- 
phate at S°C 

31 

54 

13 

57 

3 

0 22 

0 39 


In stoppered tubes 

19 

1 

4 

10 

70 

5 

2 74 

3 91 

Normal 

without solvent 

25 

54 

10 

111 

3 

0 04 

0 036 


at -lO^C 

32 

34 

4 

112 

3 

0 18 

0 16 


* Experiments 19, 20, 22, and 23 ore the same experiments referred to m Table L The 
solvents used m the other experiments were as follows 7, 11, and 16, 0 05 m phosphate at 
pH 7 5, 17, 0 01 LI sodium borate at pH 7 8, 21, Rmger’s solution, m all other experiments 
Rmger’s solution without glucose. 

t The cords m this pool were collected m connection with earher studies earned out by 
Professor E W Schultz. 

to Oct 14, Extracted Oct 23, 1940, Experiment 17 June 1 to July 8 Extracted 
Nov 9, 1940, Experiment 19 One each on Feb 7 and 9, three on Mar 19, and five 
on Mar 20 Extracted Mar 21, 1941, Experiment 20 One each on Dec 4, 5, 13, 
27, 28, and 30, 1940, and Mar 7, 1941, and two each on Jan. 6 and Mar 6 Extracted 
Apr 4, 1941, Experiment 21 One each on Nov 17, 28, and 29, and three each on 
Nov 16 and 20, 1940 Extracted Apr 15, 1941, Experiment 22 Three on Apr 
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21 and five each on Apr 20 and 22 EiUacted Apr 28, 1941 , Experiment 23 Five 
on Nov 13, 1940, one each on Mar 8, 9, 11, and Apt. 17, two on Apr 19, and four 
on Apr 20 Extracted May 14, 1941 Experiment 24. Nine on Nov 14 and three 
on Nov 15, 1940, one each on May 8, 10, 12, 16, and 18, three on hlay 14, two each 
on hlay 15 and 17 Extracted May 29, 1941, Experiment 25 One each on Mar 
25, Apr 16, 22, and June 10, two on May 24, and four on July 15 Extracted July 

21, 1941, Experiment 26 May 21 to July 22 Extracted July 25, 1941, Expen 
ment 27 One each on Oct, IS, 16. 24, 25, 26, Nov 8, 9, and 11, two each on Oct. 
21andNov 4, and four on Nov 12 1940 EitiactedAug 11,1941 Expeninent28 
One each on July 13, Aug 6, 22, 23, and 26, two each on Aug. 24 and 25, three on 
Aug 8 and five each on Aug 14 and 16 Extracted Aug 27, 1941 Experiment 29 
Five each on Aug. 26 and 27 Extracted Sept, 9, 1941 Experiment 30 One each 
on Aug 26 and Sept, 19, three on Sept 20, and six on Sept 22. Extracted Oct 8, 
1941 , Experiment 31 One each on June 24, July 18, 19, and Oct 8, two on Oct 7 
Extracted Oct 21, 1941, Experiment 32 One each on Aug 14 andNov 4, two cadi 
on Aug 4, Oct 9 and 28, three on Oct 10, and four on Oct 30 Extracted Nov 11, 
1941 

Appreciable amounts of molecular weight materials were obtained 
from both glycerolated normal and mfected tissues regardless of the length 
of time the tissues were stored. The results with frozen tissues, m general, 
show a strikmg decrease m the amounts of high molecular weight substances 
present It is evident, however, that the yield vanes, depending on the period 
of storage. In Experiments 22 and 28, m which the cords had been stoiM for 
only a short bme, relatively large quantities of high molecular weight materials 
were obtained- In contrast to these, in Experiments 21 , 23, and 24, in which the 
tissues had been Lept for from 2 to 5 months on the average, only yields 
of sedimentable nitrogen were isolated. As shown m Eipcninents 19, 25, 
and 32, similar results were obtained with normal tissue stored at —10*0 
While the number of the latter expenments is not sufficiently large to lead to a 
final conclusion, the data suggest that such storage has a more pronounced 
effect on the high molecular weight constituent present m the normal than m 
the mfected cords. 

Virus Achmiy of Sedinunls from Glyctrolckd and Frozen Infected Tissue 

The virus activities of the sediments from glycerolated and frozen Infected 
cords were detennined by finding the minimum quantity m terms of mtrogen, 
which would produce ^ical poliomyelitis when mjccted mtracerebrally into 
normal rhesus monkeys. The results found for eleven different preparabona 
are shown in Table IV It can be seen that with the exception of Eiqicnmcnt 

22, infections were regularly obtained with 5 X 10^ gm- of nitrogen of the virus 
sediment m a volume of 1 mL, when the infected tissue had been frozen before 
extraction- In most cases some infection was also obtained with 5 X 10“^ gm- 
The regular infective dose when glycerolated Ussue was used was 5 X ip^ to 
5 X 10"^ gm-, and only about 30 per cent of the animals tested with 5 X 10~® 
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gm developed poliomyelitis In so far as it is possible to compare these results, 
therefore, the use of frozen tissue resulted m material about ten times as active 
as that obtamed from glycerolated tissue The activity foimd m Experiment 
22 can be explamed by the fact that m this case the cords had been stored for 
an average of only 7 days, and the sedimentable mtrogen probably consisted 
of the normal component as well as of virus This explanation would also 
account for the relatively large yield of the high molecular substances foimd 

TABLE IV 


Actmivcs of Indtmdual Preparattons from Glycerolated and Frozen Tissues 


Experiment 

No* 

Method of ttorage 

•a? 

”“1 

go 

•< 

Concentration Injected (gm nitrogen per ml ) 

T 

O 

X 

40 

7 

o 

X 

O 

X 

»o 

L 

X 

r 

o 

X 

1 

X 

oi-OI X S 

Ii-ot X s 

6 

11 

16 

17 

20 

21 

22 

23 

24 
26 
30 

In 50 per cent 
glycerol- 
phosphate 
at5°C 

In stoppered 
tubes with- 
out solvent 
at -lO^C 

days 

345 

26 

42 

140 

81 

145 

7 

85 

105 

30 

19 

d — 1 — h 
+++ 

+++ 

+- 
d — 1 — 
d Hd" 

d-d-d- 

d-d-d- 

++ 

d-d-d- 

+"i — 
d — ! — 

d-d-d- 

d- 

d-d- 

d-d- 

d-d- 

d-d-d- 

d-d- 

+d - — t 

d 

d- 

d-d-d- 

d- 

d-d— 

d-d- 
d-d- 
d — h 
d-d- 

s 

d-d- 

d~ 

d- — 

d— 

d- — 
d-d- 

— 


* The experiment numbers refer to the same experiments hsted m Table HE In Experi- 
ment 20 the tests at 5 X 10“^ and 5 X 10“^® gm mtrogen per mL were made when the sample 
was 27 days old In Experiment 21 the dilutions were made assummg a mtrogen concentra- 
tion of 0 01 mg per mL In Experiment 24, the activity tests were made after the sample 
had stood at about 5°C for 67 days. 
t See footnote, Table IL 

m this experiment The constituent from normal cords failed to produce 
symptoms of disease when doses correspondmg to S X 10“* gm of mtrogen 
were mjected mtracerebrally 

General Properties of the High Molecular Weight Constituents from Infected 

and Normal Tissues 

The products obtamed after three or four sedimentations m the ultracentn- 
fuge from either infected or normal tissues consisted of small, amber-colored, 
transparent pellets which dissolved completely m water or buffer solutions 
In the case of glycerolated cords m which relatively large yields of high molec- 
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ular wci^t materials were found, the solutions were m most cases opalescent 
by reflected bght and sLghtly yellow by transmitted light The products 
obtained from frozen cord, regardless of whether they were infected or normal, 
were appreciably yellow but failed to show the ch^ctenstic opalescent ap- 
pearance by reflected hght The virus concentrates, in two inutanr^m, were 
examined for strea m i n g blrefrmgencc by allowmg the solutions to flow from a 


TABLE V 

StcinlUy oj Punfied \tnu Pnp^aUmt Wkm Stared for LUjfertni Lt»tUu of 
Timt in Dtfftrtni Solttni^ 



1 

i j 

Sohrtnt tued ' 

1 Coocentatioa tojedad (t”- nltrocen pet mb) 

1 

X 

2 

r 

a 

X 

1 

X , 

n 

1 

X 

1 

X 

1 

X 

n 

X 

X 

6 1 

16 

20 

1 

26 

51 

8S 

5 ' 
21 
25 
SO 

1 

27 

95 

0 05 molar 
phofphote 
at pH 7.5 ^ 

1 

001 molar 

borute at ' 
pH 7.3 ; 

1 

KInger’a ao- 
lutloa pH 8 

+++ 

+++ 

+++-I 

+++ 

++- 

+++ 

i 

+ 

++- 

++- 

+++ 

+++ 

+++ 

++++ 

1 

H — 

++-' 
+ — 1 

+++ 

+++ 

+++ 

"{ 

+- ! 

1 

++ — * 
+ — 

+ — 

+++ 

++- 

++- 


+ — 


The t&iQple obtained in Eipcnment 6 was prepared from glycerolated infected tlssne with 
0B5 molar phosphate buder as the soUent. The samples m Experiment 16 and 20 are the 
same os those described in Table HL The three samples at concentratinni of 0 1 2 1 and 
0 15 mg nitrogen per mb respectively were stored In stoppered tubes at about S*C, 

• See footnote, Table IL 

pipette held between crossed polaroid plates In neither case was there evi- 
dence of double refraction of flow 

The punfied virus preparations give the Mfllon’s test for protein- The 
mtrogen m one of the earlier, less active virus samples and that from a normal 
aamplft obtamcd m both cases from glycerolated materml, was completely 
preapitated by tnchloroacetic aad Several samples from normal and m 
fected cords were ciammed for phosphorus (10) and carbohydrate (11), and 
in all cases these constituents were found present- The mtrogen to phosphorus 
ratio for the normal constituents m the two prcparatiDns was 4 J to 1, and for 
two virus samples It was 3 7 and 5.3 to 1 The carbohydrate (as glucose) 
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to nitrogen ratios for the same preparations were 1 1 and 1 3 for the normal 
samples and 1 2 and 0 3 for the virus samples However, because the analyses 
were carried out on eYtremely small samples, the experimental error was large, 
and the values are not greatly significant except to demonstrate that both 
carbohydrate and phosphorus were present 

On the addition of one-half volume of saturated ammomum sulfate to solu- 
tions of either the vmis-containmg sediment (Experiment 30) or the normal 
constituent (Experiment 32), the solutions became turbid On allowmg them 
to stand overmght m the refrigerator, a yellow amorphous precipitate separated 
m both cases That from the infected cord proved partly insoluble m water or 
m dilute phosphate buffer at pH 7 The preapitate from normal tissues 
dissolved completely m Rmger’s solution, but its solubihty was not determined 
m the above mentioned solvents 

The purified virus is relatively stable at about 5°C when dissolved m Ringer’s 
solution Table V shows the results of activity tests made on three prepara- 
tions over a penod of about 3 months Some loss of activity probably took 
place after the solutions had stood for about 25 days, but even after 95 days m 
the case of the most active preparation (Experiment 20) there was sufiacient 
activity remaining to infect the three animals tested at a concentration of 5 X 
10^ gm of mtrogen The purified preparations do not retam then activity 
when dried from Rmger’s solution m the frozen state and over phosphorus 
pentoxide at 40°C One such preparation, for example, which was 100 per 
cent infective at a concentration of 5 X 10~® gm of mtrogen before it was dried, 
faded to infect two monkeys at 1 3 X 10~® gm after it was dried 

DISCUSSION 

The experiments on extracts of normal spmal cords and meduUae demon" 
strate that there is a high molecular weight constituent present and that it is 
sedimented m the idtracentrifuge under the conditions used to sediment the 
virus Appreciable yields of this component were obtamed either from glycer- 
olated normal or mfected tissues or from bssues that had been stored without 
glycerol at — 10°C for a few days Storage of normal tissue at — 10°C for 
longer periods of t ime resulted m a decrease of this constituent, and after 
several weeks the amount present became almost neghgible Storage of 
mfected tissue at — 10°C hkewise resulted m a decrease m the yield of sedi- 
mentable mtrogen, but small amounts of material were still obtamed after 
the tissues had been stored for several months The specific activity of the 
sediments imder the latter conditions was about ten tunes that of the prepara- 
tions obtamed either from glycerolated or fresh, mfected tissues It appears, 
therefore, that the decrease m the yield of high molecular weight substances 
tnlpg place at the expense of the normal constituent rather than of virus 
The experiments on the recovery of virus activity after three ultracentnfugal 
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cycles of purification provide evidence tliat the amount of virus, which had 
become irreversibly aggregated after ultincentnfugation, was not appreciable 
The high and relatively uniform specific activity of the virus preparatjona 
obtained from cords that had been stored for several weeks suggests that they 
may consist of relatively pure virus. A more detailed study of the TniniTu um 
period of storage necessary to eliminate the high molecular weight constituent 
completely from normal tissue and of the effect of storage on total virus activity 
IS m progress. These experiments should provide additional information 
regardmg the optimal conditions for obtaining the vims. Some direct evidence 
for the homogeneity of the purified preparations has been found from studies 
m the McBam transparent ultracentnfu^ (12) In collaboration with Dr 
Frances Wnght, the homogeneity and sedimentation rate of several prepara 
tions were determined. The results, which will be presented m full m a later 
paper, show that relatively homogeneous preparations were obtained m e.xpen 
meats in which the infected tissues had been stored for several months The 
average value for the sedimentation constant 5? , was 62 X It 13 of 

mterest that this value is different from that of 5“ , 160— 170 X 10”^ reported 
recently for the mouse encephalomyelitis virus by Card and Pedersen (13) 
If further work definitely establishes the identity of the 62 X 10”^ component 
with the pohomyehtis vims, it would appear that the two viniscs differ not 
only m immunological properties os shown by Theiler (14) but m sedimentation 
rate os well 


sumiAnY 


Results of eiperlments on the preparation of high molecular weight 000 “ 
stituents from normal and pohomyehtis-infected meduUae-cords are presented 
Relatively large yields were obtained from glycerolated normal or infected 
tissues or from tissues that had been stored at — lO^C for a few days When 
the frozen tissues were stored for several weeks, the amount of sedimentable 
nitrogen isolated from the normal cords decreased and became almost neghgiblc 
Under these m mg conditions small but defimte amounts of a high molecular 
wei^t material were isolated from the infectious extracts. This matcnal 
regularly produced pohomyehtis when 1 mL contammg 5 X 10"® gm. of mtro- 
gen was mjected mtracerebrally mto rhetus monkeys. The purified virus 
sediment contains mtrogen, phosphorus, and carbohydrate it gives the Mfllon’s 
test for protein, and is preapitated by one third saturation with ammonium 
sulfate Results of ultracentnfugai analyses show that a relatively homo- 
geneous component with ^ir * 62 X 10 ^ is present. 


The authors wish to fhnnk Professor E. W Schulti for much valuable advice, for 
examining the histological tecdons and for providmg many of the facilities of the 
Department of Bacteriology and Experimental Pathology for this work. 
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ON THE MECHANISM OF SPECIHC PRECIPITATION 
Bx WILLIAM C. BOYD PhD 

{From Eoans Ilemcrtai, MatsackuseUs Uemoruii Eosptiols, and Boston Untoerstty 
School of Ifedtane, Boston) 

(Received for publication, January 21, 1942) 

It baa been pointed out (13, 10, 17) that according to the “alternation” 
(« “mutual multivalence” — “lattice” = “framework”) theory of serological 
reactions, simple chemical compounds, if they contain as many as two (or at any 
rate three) groups capable of reacting specifically with antibody, should be able 
to form preapitates when mixed with the appropriate antisera. It is apparent 
that such precipitation would not be expected on the basis of the views of 
Bordet (3) concerrung serological reactions, with their emphasis on the covermg 
of the surface of the antigen by a film of antibody ^ Tests of this prediction of 
the alternation theory have been made (10, 11, 17) with results which are not m 
full agreement with the older (or the newfer) theory This raises the question 
if either pomt of view con be quite correct, and it is the purpose of the present 
communication to report the results of experiments designed to throw lighten 
this question. 

Pauling, Campbell and Pressman (17) have suggested that the failure of 
Hooker and Boyd (11) to obtain specific preapitalion with their divalent hap- 
tens could be attributed m port to the small sire of the molecules studied, stat 
mg that “Stcnc repulsion between two antibody molecules attached to such 
MTTflll molecules would be much stronger than for the molecules used by Land 
sterner and van der Scheer and by us,” It will be seen below that this con 
hardly be the true explanation, but In view of this suggestion, and in view of the 
fact that Hooker and Boyd failed to observe preapitation with compound “V” 
(see below), where R ■=» — N=— N — CiH^AsOjHi, but did with “VH,” where 
R *=• — N— N — C«H^N“N — CfH 4 As 03 Hj, it was considered necessary to 
mftlff compounds m which the reactive groups were about as far apart as m the 
latter compound. 

In the course of this work 34 different compounds were made and tested 
Seven of these hod been previously studied (11, 17), the others had not been 
eiammed, and apparently the majonty of them have been made here for the 
first time. We may divide the parent compoimds on the basis of structure mto 

^ Except presumably with rather large molecules such as polysaccharides or iimple 
molecules which assoemte m soluhon to give larger particles 
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Tests with a few of the haptens brought to definite pH indicated that the 
exact pH of the solutions was not important, doubtless because the pH of the 
serum hapten mixtures is m all cases controlled almost completely by the rcla 
tivcly large buffer power of the serum. 

Malenals and Methods 

The preparation of compounds of class I has already been described (11) The 
compounds of class H were all made by coupling diaxotixed aisanihc aad with the 
appropnate substance. Of the compounds of class HI NAj has been described (11), 
SAi was made as described by Morgan and Walton (14) DA* was mad e by the Bart 
reaction from 

)>N— )><( N<(^^ ^NH. 

Of the compounds of dais IV, V was made by roupbog three equivalents of diaxotixed 
ananilic aad with phlorogludnol (17), VII by coupling three equivalents of Htnmtufd 
p-ainino*axobentcnc arsomc add (AA) with phlorogluanoL In addition to my own 
preparations of V and VH small samples were available which Drs Pauhng, Cami>- 
bdl, and Pressman kindly sent me prcparedas described by them (17) no diffeicnccs 
m behavior were observed- The other compounds were made by coupling three 
cquivalcnU of diaxotixed ^-amino phenol with phlorogluonol, punfymg, then coupling 
to this in alkaline solution the appropnate amounts of other diaxotixed anunes m the 
presence of pyndine (18) These compounds were punfied first by repeatedly dis- 
solving m alkah and precipitating with add, then by crystalHxation from alcohol 
water mlxtorcs. 

The constitutian of several of the arscmc-coataimng compounds was checked by 
drying and analysing them for arseme 

The antisera used in these expedments were of two kinds, designated as anti C 
and anti A. The former were made by Injecting rabbits with Ltmulut hcmocyanin 
coupled with diaxotixed ^amino-bcnxoic add, the latter by injecting Ltmulus hemo- 
cyanm coupled with diaxotixed orsanOic add Four different anti C sera, each 
represented by two bleedings at different stage* of immunixation were available, wa., 
161, 162 163, 165 The corresponding onti A sera were 239, 241 243, 244 271 
Two different bleedings from each of these rabbits were also available. The carber 
bleedings seemed somewhat superior The anti C sera, contamed about 0 2 mg of 
antibody N per cc the anti A sera about 0 3 

The testa for prcapitability of the vanous haptens were made by mixing m small 
tubes 0 J cc, of antiserum with 0,3 cc. of an appropnate diluUon of the hapten allowing 
to stand overnight m the ice box then examining for prcapitatc. Controls consisting 
of hapten alone, hapten plus saline, and hapten plus normal rabbit scrum were always 
induded, and were consistently negative. 

rbsuits 

None of these haptens were preapitated by any of the anti-C sera, m any of a 
large number of dilutions tested The results with compounds of classes I and 
IVA were thus consistently negative 
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None of the univalent arsemc-containing haptens (class n) were preapitated 
It will therefore be unnecessary to present details of tests with compounds of 
any of these three classes 


TABLE I 


Tests for Specific Precipitation of Anlt-A Sera Mixed vnlh Haptens of Class III 


Scrum No 

Hapten 

1 

Initial concentration of hapten (miciograms per cc.) 

1000 

200 

40 

8 

1 6 

271-1 ' 

ZAj 

— 

— 

+-1- 

+ 


239-1 

ZAs 

— 

-pw ! 

++ 


- 

271-1 

SAj 





_ 


239-1 

SAa 

— 

— 

— 

— 

- 

271-1 

DAs 



1 ~ 




I 

2391 

DAa 

1 

— 

1 

— 

— 



— means no preapitaUon, +w means very slight preapitation, + means defimte pre- 
apitation, ++ means marked preapitate formation 


TABLE n 

Tests for Specific Precipitation of Anti-A Sera Mixed wth Haptens of Class IV B 


Serum No 

1 1 

Hapten 1 

1 

Initial concentratioD of hapten Cmlcrogramj per cc.) 

1000 

200 

40 

8 

1 6 

24i-I 

PAa 

— ! 

— 

— ! 

— 

— 

271-1 

PAa 

— 

— 

— 

— 

— 

239-1 

PC3A, 

— 

— 

— 

1 — 

— 

271-1 

PCsAj 

— 

— 

— 


— 

271-1 

PHjAj 

- 

- 

± 

- 

- 

271-1 

PPjAs 

- 

i ^ 

i 

-pw 

- 

243-1 

PAo 

j 


— 

± 

— 

271-1 

t PAj 

1 — 

1 — 

— 

+ 

— 


± means doubtful formation of preapitate. Other symbols as m Table L 


The results of tests with compounds of class IH are shown m Table I It 
may be seen that only one (ZAj) of these divalent haptens gave any preapi- 
tate 

Of compounds of class IVB, a number were specifically precipitable by anti-A 
sera, m a way which was seen to depend defimtely on their constitution, but not 
m the way demanded by the “alternation” theory 
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The results obtained with compouiwis of IVB are shown In Table IL 
(It will be recalled that class IVA (caiboiy compounds) was entirely negative) 
Of the haptens shown m Table n, two were negative, one gave a very weak re- 
action, another a slight positive reaction, and only one preapitated wclL All 
the compounds which failed to precipitate were retested with other anti-A sera, 
with the same results, and compounds which did precipitate were tested with 
other anti A sera and with unrelated antisera to control the q)ecifiaty of the 
reactions. These results are not shown here, 

DISCUSSION 

It IS apparent from Tables I and It, and the results obtained with compounds 
of dasses I and IVA, that predictions based on the alternation theory are by no 
means regularly fulfilled No carboiy compound was ever observed to pre- 
apitate, and many of the arsomc haptens, even those containing three reactive 
groups, adequately separated, failed to precipitate In all, sre divalent hap- 
tens, four tnvalent, and one heiavalcnt, fafied to preapitate. These com 
pounds nevertheless reacted with the appropriate antibodies, as was shown by 
inhibition expenments* It seems clear that the possibihty of “lattice” (frame- 
work) formation is by no means sufiacicnl to insure that a hapten will preci- 
pitate, As a matter of fact, a careful examination of Table II discloses a di0er 
ent sort of correlation between constitution and predpitabUi^ which probably 
provides a much more valid h.aaU on which to predict the behavior of haptens. 

It may be assumed that all the arsoidc aad groups m the first four haptens 
shown in Table II are capable of comblmng with molecules of antibody, and 
calculations of the sue of antibody molecules and the relative distances m these 
hapten mnlw- ulcfi support this idea This combmation blocks off the solubiliz 
mg action whidi the arsomc aad groups are known to exert, and at the same 
timft at least one, possibly several, polar groups of the antibody arc combined 
with The result is a complex of one hapten and three antibody molecules, 
which being larger than one ontibo^ molecule, demands at least three times, 
perhaps more, the number of solubilizing polar groups which would just suffice 
to keep an antibody molecule m solution. From what is known of protein 
chemistry, we may surmise that this latter number probably hes somewhere 
between 5 and 40 In hapten PAj, three outer* hydroxyl groups still remain un 
combined with, and m PC»A| there are m addition three carboxyl groups 
This, in addition to the polar groups remaining free on the antibody mole- 
cules, evidently is sufficient to keep the complex in solution, for no pre- 
cipitate IS formed The importance of solubilumg groups m immune reactions 
has been commented on by Eagle (6) who observed that the mtroduction of a 

* The mner hydroxyls, Ic,, those on the phlorogluonol residue, are probably too 
completely blocked off mechanically (by stenc hindrance) to have their full solubiUxing 
effect- 
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few soluble groups into the antitoxin molecule rendered it incapable of floccu- 
latmg toxm, although it could still combme 

K the size of the hapten, and at the same tune its non-polar character, are in- 
creased by the addition of three phenyl groups, as m hapten PPjAj, the result is 
so insoluble that the three free hydroxyl groups are no longer sufficient, and the 
compound is precipitable If the size is similarly mcreased, but the polar 
character kept approximately the same by the mtroduction of three new hy- 
droxyl groups, as m hapten PHjAj, the resultmg hapten does not precipitate, or 
precipitates only shghtly 

From spatial considerations, it is doubtful if all six of the reactive groups m 
hapten PA® can simultaneously combme with antibody molecules, but it is 


TABLE m 

Tests for Specific Prectpitaiion of Aceiyloted (a) aiui Bemoylated (b) DermUnes of 
Compounds of Class IV B 


SemmKo 

1 

1 Hapten 

Initial concentration of hapten (microsTami per cc.) 

1 

1000 

200 

40 

8 

1 6 

271-1 ' 

PAja 

-? ' 

+ 

± 

— 


271-1 1 

1 

PAab 

— 

— 



— 

271-1 

PCjAja 

— 

— 

-fw 



271-n 

PCsAja 

— 

— 

-fw 

— 

- 

271-1 

PCsAab 

— 

— 

— 

± 

— 

271-1 

PAea 

i 

— 

+4- 

+ 

i 

=k 

271-1 

PAab 

— 

— 

-fw 

+-f- 



Sirmbols as in Tables I and n 


probable that more than three are capable of domg so, leavmg less than three 
solubilizing groups m addition to the hydroxyls It is therefore not surpnsmg 
that this compound precipitates, although it will be noted that its precipit- 
abihty is much mfenor to that of PPjAj (or of ZAj or VH) It is probable that 
a mechanism proposed by Hooker and Boyd (11), namely, mechanical occlu- 
sion of polar solubihzmg groups of neighbonng antibody molecules, also comes 
mto play m this instance, and perhaps m the above cases too 
If the above explanation were correct, we should expect that acetylatmg or 
benzoylatmg the unpreapitable class IV haptens, so as to block off the solubihz- 
mg hydroxyls, would render them specifically precipitable That this is so is 
shown by Table HI, which gives the results of tests on acetylated and ben- 
zoylated denvatives of some of the compounds of Table H 

It IS of considerable mterest that the precipitabihty of the acetylated or 
benzoylated PCjAs is very shght, which may doubtless be attributed to the 
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three carboxyl groups still remaining In fact the preapitabihty of PCjAja 
and PCiAjb is quite comparahle with that of the unmodified PA 4 (Table 11) 
Sunilarly benzoylation of hapten NAj, which m addition to the two hydroxyls 
has two sulfomc add groups, did not tender it preapitable. 

The relation of structure to preapitabihty m these compounds seems qmte 
clear, and the possibility of “lattice” formation is evidently quite irrelevant, 
even if we grant the unproven assumption that the anti-A antibody is divalent 
How may we eiplam the results obtained with divalent haptens of rlngg fTT , 
shown in Table I, where one compound preapitated, whereas two did not, al- 
though few if any additional solubilizmg groups ore present? 

It seems probable that the explanation of these results agnm rests upon the 
mechanical ocdusion of polar groups of the neighbormg antibody molecules, 
which m hapten ZAi would be brought quite dose together, whereas in haptens 
SAj and DAi they would be farther separated, so that all their polar groups, 
with the exception of those actually concerned m comhinmg with the arsomc 
oad groups, would remain free to keep the complex m solution. If this sugges- 
tion is correct, the idea of Pauhng, Campbell, and Pressman, that the smaller 
hapten molecules cannot predpitate, is erroneous Instead, the converse 
would seem to be true, namdy, the reason haptens SAj and DAi do not pre- 
cipitate IS that they ate too large , their combimng groups are too widely 
separated) 

The above mterpretation b strengthened by the observation that univalent 
haptens (class II) never precipitate, even m the case of a biggish molecule 
(NAb) havmg no free polar groups in addition to the arsomc and group through 
whidi comhmntioa is eSected Evidently the reduction In free polar groups of 
the antibody molecule which foUws this combination is by itself insuffinent to 
reduce the soluhihty significantly, m the absence of mechanical hindrance due 
to the near by presence of another molecule of antibody 

It IS not easy to say precisely how these consideratmns apply to the preapl 
tation of the divalent haptens studied by Landstcmer and van der Scheer (12), 
such as resorcinol^lisaio-p-suberanihc aad At first sight, it might seem that 
m this hapten the two reactive groups are quite separated. However, the 
antisera u^ m these experunents were rather specific for the various anihc 
acids made from fatty acids of various lengths, which may mdicate that the 
antibody when reacting with this hapten combmed not only with the carboxy 
group but with the whole side cham right up to the resorcinol residue, which 
would brmg the two molecules of antibody m rather close apposition. Only 
two solubihzmg groups, the two hydroxyb of the resorcmol, then r em a in , and 
they may he somewhat hmdered by the presence of the antibody molecules. 
Our present knowledge of the numbers of polar groups required to keep such 
complexes in solution does not seem sufSaent to enable us to say whether this 
would account for the preapitabihty That it may is suggested by the ex- 
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planation offered by Landsteiner and van der Scheer themselves, which was m 
terms of pecuharities m constitution such as the long ahphatic chains, which 
would be fairly insoluble The observation that these compounds precipi- 
tated better after their solutions had been allowed to stand, however, unlike the 
compounds studied by Pauhng, Campbell, and Pressman, and by myself, sug- 
gests, as Landstemer and van der Scheer pomted out, the possibihty that this 
hapten might be somewhat aggregated m solution, givmg particles possessmg 
several combinmg groups, and large enough to combme simultaneously with 
several molecules of antibody 

The failure of any of the carboxy compounds to precipitate with anti-C sera 
rests undoubtedly upon the poor flocculating quahty of these sera Although 
th^ gave good reactions by the mterfacial (“rmg”) techmque, these sera, even 
when fresh, flocculated only slowly with casern coupled with diazotized ^-ammo- 
benzoic acid (I have previously observed that the carboxy group does not 
have nearly the antigemc power of the arsomc aad group ) The preapitation 
of the arsemc-contauimg haptens was observed to be relatively slow compared 
to the flocculation of casem-arsamhc compoimds by the same sera, m which case 
it was practically instantaneous It is therefore not surprismg that the much 
less “avid” anti-C antibodies could not effect preapitation of the carboxy 
haptens, all of which would be much less precipitable than conjugated protem 
antigens Failure to take account of such facts seems to be another way m 
which the alternation theory is an oversnnphfication of the true mechanism * 

Fmally we must discuss the failure of compound V to preapitate, when 
hapten VII, apparently so similar, precipitated readily We can hardly avoid 
mention of this fact on the basis of the report of Pauhng, Campbell, and Press- 
man that V did preapitate, for the disaepancy may possibly depend upon the 
differences m the antibodies in their sera and m mine, m which case it is un- 
known how the compounds studied here would have reacted with their sera 
There is no doubt that V did not preapitate m my hands, it was tested against 
both bleedings of each of the five anti-A sera prepared, while these sera were 
still fresh and capable of preapitatmg hapten VII powerfully In not a smgle 
one of these mixtures, no matter what the concentration of V, was the famtest 
trace of precipitation or cloudmg observed 

It seems likely that the failure of V to precipitate is due to the fact that the 

^ The test of the theory earned out by Hooker and Boyd (11) therefore seems to 
have been a fair test, withm the framework of the hypothesis itself It is rather m- 
teresting to consider, however, that if their sera had been suffiaently “avid,” com- 
parable to the anti-A sera studied here (assummg such anti-C sera can be made). 
Hooker and Boyd might have observed preapitate formation with the shorter of their 
haptens Smee the mterpretation which they would have put on this result would 
probably have been the erroneous one that the alternation theory is perfectly correct, 
it IS perhaps fortunate that this did not happen 
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combirmig groups are msuffiaently separated for more than two molecules of 
antibody to be able to combme simultaneously with the molecule, so that there 
are always free three hydroxyls and one arsonic aad group, which are suffiaent 
to keep the complex soluble. In addition, the polar groups of the antibody 
molecules not concerned In the combination, might rcmam relatively free, as 
the antibody molecules would not be forced into in tima te enough contact. In 
VII, the combinmg groups, bemg more widely separated, are probably all three 
able to combine simultaneously with antibody molecules. This leaves no 
arsonic acid groups free, and probably results m a good deal of steric hmdrance 
of polar groups on the antibody molecules 

It IS thus seen that the pcsubiUty of ‘‘framework” formation Is by no 
means sufficient to insure specific precipitation, for although this pos- 
sibility does not exist with hapten V if the above mterpretation of the behavior 
of V is correct, it does exist m the cose of haptens PA 4 and PC»A* which did not 
precipitate, and hapten PH^Aa, which gave only a trace of precipitate. Con- 
versely, the possibility of framework formation does not seem to be necessary 
for preapitation, for hapten ZAj preapitated readily, which it could not do by 
framevbork formation unless the valence of antibody is more than two, which 
there Is some reason to doubt, both on experimental grounds, and on the basis of 
theories of antibody formation (IS, 2, 5, 16) It is true that Pauling has de 
scribed a possible mechanism for the foramdon of tnvalent antibody, but this 
seems to the present author to have been mtroduced chlefiy for the purpose of 
accoimdng for the precipitation of divalent haptens, and to have no great 
plausibility, even from the pomt of view of Pauhng^s own theory There is no 
experimental evidence for it 

In considering the bearmg of these experiments on the "alternation” theory, 
we should keep clearly seported m our mmds two aspects of this theory The 
first IS the clearly unphed claim of its proponents that the possibihly of frame- 
work ("lattice”) formation is necessary and sufficient for the mitiation of a 
serological reaction (" aggregation would occur regardless of the affimty of 
the groupmgs for wateri’ (7)) The second is the claim that larger aggregates 
are formed solely by the specific linkage of antibody groups with antigen groups 
It seems to the present author that the experiments reported here completely 
disprove the first rlaim of the alternation theory On the other hand, it is clear 
that if antibody is always divalent, these experiments do not bear particularly 
on the second claim.^ I do not wish to be understood as denymg that the 
alternation theory, m mnking this second claim, may be entirely justified In- 
deed, evidence m^catmg that m certam cases the formation of larger aggregates 
is a phenomenon of a certam degree of speofiaty (19, 20) is difficult to ex plain, 
on the basis of present knowledge, unless we assume some such mechanism. 

* The predpitability of tlie divalent hapten ZA* would appear to demand trivalcnt 
antibody 
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The question would seem to depend ultimately on whether antibody molecules 
have m general more than one combimng group, and the evidence now available 
IS not sufficient to settle this pomt 

As an explanation of the cause of precipitation, it would seem that neither the 
alternation nor the Bordet theory is adequate The alternation theory seems 
to be simply incorrect, and the Bordet theory too vague to account for the very 
defimte facts presented here For the theory suggested above (which is prob- 
ably not origmal with me“), namely, that precipitation is due to lowermg of 
solubihty by neutralization of polar groups of antibody and hapten (or antigen) 
and concommitant steric hmdrance of other polar groups of neighbormg anti- 
body molecules m the complex, I wish to propose the name, occlusion theory 

It will be noted that the occlusion theory sunply attempts to explam why 
combination of antibody and antigen or hapten produces, m certam cases, a 
compound havmg too low a solubihty to remain m solution Nothmg is said 
about the mechanism by which these primary aggregates umte with each other 
to build up the larger aggregates which are observed to form durmg serological 
precipitation I shall for the present make no attempt to provide a detailed 
hypothetical mechanism for this, any more than I propose to explam how the 
aggregates are formed which result when a protem is salted out of solution by 
ammomum sulfate If antibody has more than one combimng group, it may 
well be that m specific precipitation the primary aggregates unite m a way very 
sunilar to that demanded by the alternation theory, mdeed, it is hard to see how 
such umons could fad to play a promment r61e m the formation of larger ag- 
gregates It must be remembered, however, that “apparently decisive evi- 
dence” (8) has been offered that under some circumstances aggregates can be 
budt up by a non-specific mechanism not mvolvmg “framework" forma- 
tion (1, 9, 4) 

If antibody were tnvalent, it would certainly seem that all the divalent and 
tnvalent haptens studied here should have been able to form frameworks, and 
this would be true with the tnvalent haptens even if antibody were only 
divalent Also divalent antibody ought to be able to build up with divalent 
haptens long chain-hke aggregates showmg pronounced buefrmgence of flow 
(Pauhng), but this has not been observed (11) Untd more experimental 
evidence is available, the multivalency (mcludmg chvalency) of antibody re- 
mains almost purely a postulate In any case, the present commumcation 
attempts sunply to present evidence which seems to throw hght on the reason 
for the tendency of prunary aggregates not to remam m solution, a reason which 
seems to have been overlooked by the proponents of the alternation theory 

SUMMARY 

A study of the preapitabihty by the appropriate antisera of 34 different 
haptens, containmg from one to six reactive groups, leads to the conclusion that 

® Compare Manack (13), p 150 
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the possibility of framework (‘^lattice”) formation is neither necessary nor 
suffiaent for specific preapitation, but that instead precipitation depends upon 
the reduction, by mutual neutralisation of polar groups of antibody and 
antigen (or hapten) and mechanical blocking off of polar groups of closely 
neighboring molecules of antibody, of the solubility of the complex below the 
pomt at which it can remain in solution The decisive factors appear to be the 
number of polar groups of the antigen (hapten) left free, and the distance 
separating the different reactive groups, which detennmes the amount of stcnc 
hindrance exerted by one antibody molecule on another No hypothesis is 
offered as to how these primary insoluble aggregates unite with each other to 
produce the larger aggregates which ore finally observed 
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THE ROLE OF THE COMPONENTS OF COMPLEMENT IN SPECIFIC 
IMMUNE FIXATION* 

Bt L PUXEMER, Ph,D^ & SEUTEB, and E E. ECKER, PnS> 

[Prom l)u InstUutt oj Pathology Western JUservt Vtiwsity, and the llmverstiy 
SospttoJj, CUvelanf) 

(Recaved for pubBcatlao, December 18, IWl) 

Althougb it js known that complement comb ip w with most antigen andbod/ 
compounds, the rNe of the components of complement m this union is not 
deaiiy understood 

It is generally stated that the mid piece of compknient is the combining 
component (1, 2) On the other hand, Bnn states that the end-piece alone la 
fixed (3) Others assert that both the end piece and mid piece combine with 
antigen antibody compounds (4-7) Dcissler (8) contends that the fourth 
component of complement os utihxed m complement fixation Some workers 
claim to have confimed this statement (9, 10), while others contradict ft (II) 

The present authors, m experiments preiimioary to those reported in this 
paper, found mdlcations that the fourth component and end piece, as well as 
mid piece in a smaller pmportion, combine with antigeiKintibody compounds 

There are several reasons for the various views of others, (1) With the 
exception of a few recent studies, mvesti^tions on the rdle of the complement 
components in fixation were performed before the discovery of the fourth com 
ponent of complement (2) Uniform methods for the preparation and identi 
fication of the individual complement components were not employed (3) 
Much of the past work was qualitative m nature with little consideration of 
the physical and chemical conditions which ofiect the combination of comple- 
ment with antigen-antibody aggregates. (4) The results obtained under one 
set of experimental conditions were frequently interpreted to fit ail other 
conditions. 

The need for more rigidly controlled studies on complement fixation is evi- 
dent, and accordingly the present paper is concerned first with the conditions 
governing the fixation of the components of complement, and second with the 
idcntificatian of those components of complement which combme with qjcdfic 
antigen-antibody compounds, 

•Aided by a grant from the Commonwealth Fond. 
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COMPLEMENT COMPONENTS IN SPECIFIC IMMUNE FIXATION 


Risumi of the Nature of the Compoiientr of Cemiplemenl 

To assist m the interpretation of the data presented in this paper, a review 
of the existing knowledge of the constitution of complement is necessary A 
more detailed discussion has been presented elsewhere (12) 

Complement can be separated mto two thermolabile components (destroyed by 
heating at 56° for 30 minutes) by treatment of serum with carbon dioxide-saturated 
water or dilute HCI, or by dialysis against distilled water (1) Accompanymg each 
of these fractions are varymg amounts of two relatively thermostabde components of 
complement, the t h ird and fourth components The fraction of fresh serum insoluble 
m a tenfold dilution of carbon dioxide-saturated water has been termed the “globulm 
fraction” or the “rmd-piece,” while the fraction soluble m the same medium has been 
termed the “albumm fraction” or “end-piece ” The terms mid- and end-piece were 
formulated by the early mvestigators because they supposed that the carbon dioxide- 
insoluble fraction had first to combme with the sensitized red blood cells before the 
albumin fraction would act. It is also known that either cobra venom or yeast cells 
destroys a relatively heat-stable component (inactivated by heating at 66°C for 30 
minutes) which has been termed the third component (1) It is us uall y associated 
with the globulin fraction of serum, although, as will be shown below, it is also nearly 
always present in the end-piece Pillemer and Ecker (13), mvestigatmg the nature 
of the yeast inactivation of the third component, isolated an insoluble fraction from 
yeast which adsorbs the third component specifically from fresh serum. Certam 
unpublished data are mdicative of a hpid nature of this comjxment (14) A fourth 
component of complement, inactivated by dilute ammoma, has also been discovered 
(1) It IS usually associated with the end-piece, but, as will be shown below, under 
certam experimental conditions it also is often present m the rmd-piece fraction of 
complement Pillemer, Seif ter, and Ecker (15) postulated that this component con- 
tains a reactive carbonyl group and is associated with a globuhn fraction present m 
the so called albumm fraction 

Pdlemer, Ecker, Ondey, and Cohn (16) have prepared in a highly pure state, and 
characterized, three of the components of complement The mid-piece was found 
to be a euglobuhn with an apparent isodectnc pomt of about 5 2 It has an electro- 
phoretic mobdity of 2 9 X 10“® m a phosphate buffer of an lomc strength of 0 20 
at pH 7 7 , and a sedimentation constant of 6 4 X 10~^’ m KCl of lomc strength of 
0 20 It comprises only 0 60 per cent of the total serum protein, and each cubic centi- 
meter of serum contains 0 060 mg of rmd-piece mtrogen The end-piece and fourth 
component were found m the same serum fraction, which was characterized as a 
muco-euglobuhn with an apparent isoelectric point of 6 3-6 4, and with an electro- 
phoretic mobihty of 4 2 X 10“' It contains 10 3 per cent carbohydrate, and it com- 
prises less than 0 2 per cent of the total serum protem, thus accountmg for 0 02 mg 
of mtrogen per cc. of serum. 

Pillemer and Ecker (17) on the basis of electrophoretic and functional studies, and 
Heidelberger (18, 22) have proposed a new nomenclature for the complement com- 
ponents The symbols CT, C'2, C'3, and C'4, which correspond to the mid-piece, 
end-piece, third component, and fourth component respectively m the older termi- 
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nologj, were adopted- In the present reaper the terms mid-piece and CXDrmsoluble 
fraction are used mtcxcbangeably as are end-piece and COrwluble fraction, and 
the symbols C'l and C2 represent the mid piece and end-piece compontnU per se 
The terms third and fourth components are used interchangeably with the symbols 
C'3 and C4 respectively 


MaUnals 

Cimplcmetti — ^The blood of normal guinea pigs which had been maintained on a 
high vitamin C diet was placed in the ice box for about one hour At the end of this 
time the scrum v>‘ts separated by centrifugation and immediately used m the eipcn- 
ments. In the protocols which follow the scrum, unless otherwise noted, was never 
allowed to stand more than one hour before use in fixation expenments 

Anitgeiix — ^Type m pneumococcus specific carbohydrate ^sas used in the larger 
part of the experimental work- A atocL. solution of 0 1 per cent SHI* in 0 9 per 
cent saline was diluted with 0 9 per cent salme to the desired concentration 

Human serum, hemocynnfn (from Busycon canalicvlata) tobacco mosaic virus and 
red blood cells of various speaes were also employed as antigens * The amounts 
employed are mdicated m the protocols. 

Anlistra — A refined anti Type HI pneumococcus rabbit serum containing 4.57 
mg of antibody nitrogen per cc. was kmdiy fumisbed by the Lederie Laboratories, 
Inc. It was not ondcomplementary m twice the quantities employed in the present 
expenments. 

Antihuman rabbit seram, ontihcmocyamn mbblt serum, antitobacco mosaic vims 
(rabbit) serum, and rabbit antisera to red blood cells of aheep dog, guinea pig and 
man were also employed- Since the latter sera were found to be somewhat anti 
complementary in the amounts necessary for optimum fixahon the procedure advo- 
cated by Sachs (19) was employed to remove the objectionable substances from them. 
This was successfully accomplished without much loss of the fixative powers of the 
antisera. 

CkemuaU — AH chemicals used were either best grade Eastman or Merck’s blue 
label chemicals- Unless otherwise noted, all dilutions were made with 0 9 per cent 
NaCL The insoluble carbohydrate from yeast used in the removal of 0^3 was 
prepared by the method of Pillcmer and Ecker (13) 

MeUiods 

General Method for Fixation — To A cc of antiserum, B cc of undiluted fresh serum 
were added with thorough mixing The mixture was then brought to the desired 
temperature, toniaty and hydrogen ion concentration. C cc of antigen adjusted to 
the desired experimental conditions, were then added rapidly with constant stimng 

* S with the appropriate niuneial is used for the t 3 rpe-epcafic polys acch a r ide of 
the pneumococcus. 

* We are indebted to Dr M. Heidelbcrger for a generous supply of anU Type HE 
pneumococcus rabbit serum, to Dr S B ^xikcr for hemocyanm and antihcmocyaiim 
rabbit scrum and to Dr W M. Stanley for crystalline tobacco mosaic virus. 
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The mixture was allowed to stand for the prescribed time at the reqmred temperature 
following this mcubation the mixture was centrifuged for 30 imnutes at 2750 ejal, 
and the clear supernatant was drawn off carefully with a pipette, adjusted to the 
reqmred conditions, and finally made up with 0 9 per cent NaCl to a 10 per cent 
dilution of the ongmal gumea pig serum This solution was tested for hemolytic 
activity, and if found not to show more than 10 per cent of its ongmal activity it was 
further tested for content of mdividual complement components 

Complement Tiiratwi — A umt of complement, designated as producmg 100 per 
cent hemolysis, was considered to be the smallest amount of a 10 per cent dilution of 
untreated serum which caused complete hemolysis of 1 cc of 2 5 per cent suspension 
of sheep red blood corpuscles contammg 5 umts of antisheep cell rabbit serum per cc. 
An identical amount was employed m aU reactivations and complement component 
determmations 

EsHmatton of the Indwidtial Component Activity in Fixed Complements — A umt of 
the complement rendered inactive by fixation was added to an equal amount of each 
of the specifically inactivated complement components descnbed below The mixture 
was incubated at room temperature for 15 rmnutes, 1 cc of sensitized sheep red cell 
suspension added, and the hemolytic titer read after 30 rmnutes of mcubation at 
37 5°C The amount of hemoljfsis produced was estimated by comparison with a 
senes of standard hemoglobm solutions, and expressed as percentage of complete 
hemolysis 

It IS pomted out that the data presented m this paper do not indicate the absolute 
quantity of each component present, but only represent the residual activity present 
after fixation or speafic inactivation 

For the further clarification of the data, the per cent hemolysis resultmg from the 
mter-reactivations of the “specifically inactivated complements” (see below) is 
mcluded m each protocoL 

Success m the reactivations depends largely on preventmg the loss of activity of 
the complement components which might occur durmg the course of an experiment 
Therefore, all serum reagents should be kept at 0°C (±1°) until they are to be used. 
Precautions of this kind are necessary for obtammg comparable, reproduable data 
Furthermore, shght deviations from any techmque descnbed here may alter the end- 
result of an experiment 

In the mterpretation of data on hemolysis no significance is attached to differences 
of 10 per cent hemolysis or less, because of the proscnbed hrmt of accuracy of the 
method. 

The Preparaitoji of Complements Depnved of Various Components 

These are hereafter designated “specifically mactivated complements ” 

1 Qimplement was depnved of active C'4 by appropriate treatment of serum with 
hydrazme or ammoma (15, 20) 

2 Complement was depnved of C'3 by treatment of serum with zymm or the 
insoluble carbohydrate prepared from fresh yeast (13) 

3 Complement was depnved of CT and C'2 activity by heatmg serum at S6°C 
for 30 mmutes 
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4. The COrsolublc and CX)riDsoIublc fractions were prepared by saturation of 
dfluted icnim with COs as described elsewhere (12) ^Vhflfi this method results in 
the sharp separation of C'l and Cl from one another, markffd variation occurs In the 
distribution of 03 and 0^4 m the fractions. The COj-soIublc fraction or end piece, 
contains all of the active C2, usually from 70 to 100 per cent of the C4, and from 20 
to 40 per cent of the Cy3 The COrinsoIuble fraction, or mid-piece contains all of 
the C\y usually about 60 to 80 per cent of C3, and from 0 to 30 per cent of the (^4 
In this laboratory it is believed that the residual 0^4 manifest m the mid piece is 
accompanied by a small amount of C2, since It Is the opinion here that and C*4 
are associated in the same guinea pig serum protem constituent. 

EXPEMUBNTAL 

Padors Wfnch Injitunce the Fixation of the Components of Complement — In 
these eipenments complement fixation was earned out with anti Type IH 
pneumococcus rabbit serum compounds 

1 The Effect of Aging of Complement — 

A pool of fresh guinea pig serum was divided bio two portions, one of wbch was 
allowed to incubate for one hour with the specific antjpneumococcns complexes, at 
the end of which time the fixabflity of the complement components was determbed. 
The second portion of serum was allowed to stand for 19 hours !n the Ice box (5 C.) 
and rus tested in a like maimer The serum lost 50 per cent of its complementary 
activity durmg the 19 hours b the cold. Complete hemolysis was brought about by 
0 07 cc. of 10 per cent ddution of fresh serum while 0 14 cc of 10 per cent dilution 
of aged serum was requircd- 

Tbe results of this experiment, performed m qumtupheate, arc tabulated m 
Table I An inspection of the data shows that when Etrum stood for 19 hours 
and lost 50 per cent of its complementary activity the following changes b the 
fixabflity of the complement components occurred (o) (^4 became more resis- 
tant to fixation , (5) CS underwent no change in fiiabihty , (e) there was less 
reactivation upon the addition of the COrinsoIuble fraction, and bereased 
reactivatbn upon the addition of the COrSoluble fraction b the case of the 
aged serum 

Moat mvestigators have allowed complement to age or "cure” m an ice chest 
overnight before usmg it m fixation experiments (18, 21), however, it is ap- 
parent from the data presented here that this procedure may lead to senous 
error b the determination of the fixabflity of the various component* of 
complcmcnL In this laboratory, therefore, it is the practice to allow scrum 
complement to stand not more than one hour before use b fixation cipen- 
ments 

2 The Effect of Time of Incubation — An experiment was performed to 
detenmne ie optimum time necessary for the fixation of the vanous com- 
ponents of complement 
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The reagents were mixed as descnbed m the section of this paper deahng with the 
general method of fixation, and were allowed to stand at 25°C for different periods 
of tune At the end of the allotted time the residual complement compionent activities 
were determmed. In order to avoid occlusions and uneven distribution of reagents, 
separate tubes were employed for each mcubation 


TABLE I 


The Effect oj Aging on the Fixation of Complement 
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* I, fresh sera. 

J n, sera after standing 19 hours at S^’C 


The results of this experiment show that C'4 was fixed m the first 5 mmutes 
of mcubation and remamed fixed for the duration of the 80 mmute mcubation 
Maximum fixation of mid-piece occurred after 40 minutes of mcubation, while 
httle or no variation m the fixation of end-piece occurred that could be attrib- 
uted to the effect of time of mcubation On the basis of these data an mcuba- 
tion tim e of 60 mmutes was chosen as the optimum time to be used m the 
re mainin g fixation experiments 
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J The Effect of Temperature — Although earlier workers (23, 24) determined 
the optimum temperature for the 6xxtion of complement (considered as a smgle 
entity), no knowledge ensts concemmg the influence of temperature on the 
fixation of the individual components of complement* The results of an 
experiment performed to deternune the effect of temperature on the fixation 
of the mdividual components reveal that mnemum fixation of all the c»m- 


TABLE n 
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* 1 cc. of guinea pig serum was fir^d by the aggregate from 0 J cc. of 1 4 antipceumococcns 
rabbit icxum and 02 cc. of 1 10 000 SHI All leagcnt* were nude up to volume with phos- 
phate buffer! of kmic strength 0 15 The pH Indicated here b the of the supernatant* 
after fixatum. 


ponents occurred at 22°C Although slight differences in the fimbflity of the 
cotnponento were evident at 0° and 22”, marked differences occurred as between 
temperatures and 37°C At the latter temperature Cd was more 
resistant to fiiation. On the basis of these data further fiiation ejpenments 
were conducted at temperatures between 20 and Z5°C 
4 The Eject of Bydroien Ion Concenbratum —The results of an expenment 
to determine the effect of hytirogen ion concentration on the fixation of the 
individual complement components axe shown in Table IL 






428 COMPLEMENT COMPONENTS IN SPECIFIC IMMUNE FIXATION 

In this experunent all reagents were either diluted or made up to volume ■with 
phosphate buffers of -vanous hydrogen ion concentrations and of lomc strength 0 IS 
The complement •was mcubated with the antigen-antibody complexes for one hour a( 
a temperature of 23°C Before determination of their complement component 
acti-vities the supernatants were adjusted to a neutral pH with 0 1 n HCl or 0 1 
N NaOH 

Table n shows the following (a) at pH’s below 7 0, less fixation of C'4 and 
C'l occurred than at pH 7 0, but there was an enhancement of the fixation of 
C'3 , (6) at pH’s above 7 0 up to 8 8 there occurred complete fixation of C'4 
together with an mcreased fixation of C'l, and (c) op timum fixation of the 
components of complement occurred at neutral pH’s 

In this experiment the COruisoluble fraction contamed no C'4, and no 
reactivation resulted upon the addition of COj-msoluble fraction to complement 
rendered mactive by fixation This demonstrates that C'2 was bound along 
■with C'4 If, however, C'4 is present m the COj-msoluble fraction, reactiva- 
tion by the latter of fixed sera m which no C'4 and C'2 can be demonstrated, 
is due to the presence of small amounts of C'2 m the COa-msoIuble fraction 

Another pomt of mterest e^vident from the experiment is that complementary 
acti-vity was removed by specific aggregates over an extremely wide pH range, 
although there was marked ■variation m the fixation of the mdividual com- 
ponents at different pH’s On the basis of these data all other fixation expen- 
ments were conducted at pH’s between 7 0-7 2 

5 The Effect of Totitctty — ^Although the effect of varymg salt concentration 
on the fixa tion of complement is well known (21), nothmg is Lno'wn of the effect 
of variations of tomaty on the fixa tion of the mdividual complement com- 
ponents The results of an experiment performed to determme this effect 
revealed the following (a) complement m sbghtly hypertomc NaCl solutions 
was fixed mcompletely, and {b) complement m hypotomc NaCl solutions was 
fixed completely with httle or no variation m the fixation of the mdividual 
components 

CaCIj IS known to mterfere with complementary activity (1), and is further 
known to mterfere ■with certam adsorption reactions (25) An experiment 
performed to show the effect of CaCU on the fixation of the components revealed 
the foUowmg pomts (a) m amounts over 0 2 per cent, CaCl 2 mterfered with 
the fixation of C'4 and C'l , and (b) m all amounts used CaClj did not influence 
the fixation of C'3 

d The Effect of Proptonddehyde — ^Pillemer, Seifter, and Ecker (15) have 
shown that propionaldehyde protects the fourth component from macti^vation 
by hydrazme Smce the direct and immediate macti-vation of complement by 
specific aggregates appears to mvolve C'4, experiments were performed to 
determme if propionaldehyde would mterfere with the fixation of the com- 
ponents The results of such an expenment are given m Table HI It is seen 
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that propionaldehydt in amounts far greater than that needed to oppose the 
anti C^4 effect of hydrazme fafled to inhibit the fixation of complement. 
However, sbghtly less 0*4 was fixed m the presence of propionaldehyde, while 
there was no mterference with the fixation of the other components 
7 The Bffed of DUution of Cotnpiemeni — ^Tablc IV summanxes the results 
of an expenment undertaken to detenmne the fixabUily of the components of 
complement which had been diluted previous to fixation The table shows 
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that (o) the fixation of C'4 was inhibited only in very large dilution, and (6) 
there was an increase of fixation of the mid-piece and end piece on dflution. 

8 The Bfed of Varying Atnounis of Cornplmoni results of an ex 
penment performed to determine the variations which occur m the fixation of 
the complement components when mcrensmg amounts of complement are added 
to a standard amount of antigen antibody aggregate, show that mercasmg 
amounts of complement resulted in a sh^t increase in the fixation of C^4, a 
piqrW decrease in the fixation of C'l, and Uttle or no variation m the fiia 
tion of C*3 

P The Eject of Varying Atnounis of Antigen and Antibody —The results of 
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an experiment deahng with the effects of varymg amounts of antigen and anti- 
body on complement fixation, show the foUowmg (a) m extreme excess of 
antigen or antibody the fixation of complement or its mdividual components 
was markedly inhibited, (b) when very dilute solutions of antigen and antibody 
were used C'4 did not fix completely, (c) a shght excess of antibody resulted m 
maximum fixation of the comb inin g components of complement Therefore, 
m the experiments reported here, antibody was employed m a shght excess 


TABLE IV 

The Effect of Dilution on the Ftxaium of Complement 


u 

■8 

P 



Relative 

1. 

Ilg 

Hemolyais produced after addition of specifically 
inactivated complements 

1 8 pneiunoco 
antiserum 

►SP 

ft 

o 

H 

c/3 

S 

il 

O 

qiiAntity and 
appearance 
of the 
pieapitate 

III 

ill 

w 

Serum 

treated 

with 

hydrazine 

Serum 

treated 

with 

insoluble 

caiboby 

drate 

Serum 
heated at 
56 C for 
30 TTitn^. 

COi- 
soluble 
fraction 
( *cnd- 
pece 0 

COt- 
Insolublc 
fraction 
( ‘mid 
piece ') 

C6 

u 

cc 

Cft 



P4r unt 

p€r uni 

ptT uat 

Pu unt 

ptr uni 

0 2 

1 

0 2 

0 

++ gran 


0 

60 

0 

so 

70 

0 2 

1 

0 2 

1 

++ gran 


0 

SO 

0 

30 

SO 

0 2 

1 

0 2 

2 

+ gran 


0 

45 

0 

20 

30 

0 2 

1 

0 2 

3 

+ gran 

0 

0 

45 

0 

20 

30 

0 2 

1 

0 2 

4 


0 

0 

SO 

0 

20 

Tr 

0 2 

1 

0 2 

S 

0 


20 

60 

0 

20 

Tr 

Specifically inactivated ccanplementa 

Hemoi 

ysis 











P€r emt 






Serum treated with hydrazme 


— 

60 


95 

SO 

Serum 

treated with insoluble car- 







bohydrate 




60 

— 


35 

90 

Serum 

heated at S6°C for 30 







mins 






60 


0 

0 

“End piece” 



0 

90 

35 

0 

— 

95 

“Mid-piece” 




50 

90 

0 

95 

— 


The Fixation of Normal Guinea Pig Complement and Specifically Inactivated 
Guinea Pig Complement — In order to detemune whether the removal of one or 
more components of complement mterferes with the fixation of the remammg 
components, an expienment such as the one summarized m Table V was earned 
out In this experiment normal complement and specifically mactivated 
complements were added to the specific aggregates of Type III pneumococcus 
specific substance The table reveals the foUowmg pomts (1) Almost all of 
C'4, 25 per cent of C'3, 75 per cent of C'l, and nearly all of C'2 were removed 
or mactivated durmg fixation of normal complement This is at variance with 
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the assumption of most workers that the mid piece is the smgle combining 
component, as all of the components were fired m varying amounts under the 
conditions of the eipenment (2) Inactivation of C'4 by hydrasino or the 


TABLE V 

Tk4 Fixolton oj Normal and Specifically Jnacjmdcd Guinea Fig CamplemenlJ 
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removal of C'3 by the msoluble carbohydrate from yeast did not markedly 
mliuence the fixation of the other components. (3) The mactivatiDn of both 
Cl and C'2 by heat inhibited the fixation of C4 and C'3 (4) When end 

piece, which contamed C2, C4, and a small amount of C3 was added to the 
specific aggregates, no fixation of C3 and C4, and partial inactivation of C2 
resulted Althou^ Cl is fixed m the absence of C4, functionally m so far 
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as hemolysis is concerned, it is inactive In studies on the mechanism, of 
immune hemolysis (26), it will he shown that unless C'4 is either fixed previ- 
ously to or simultaneously with C'l, no hemolytic activity occurs (5) All of 
C'l but only a small amount of C'3 were removed m the fixation of mid-piece 
which contamed all of C'l and the major portion of C'3 

The results of many experiments similar to the one above show that the 
direct and immediate inactivation of complement which occurs m fixation is 
due to the fixation of almost all of C'4 and C'2 and of a part of C'l C'3 does 
not appear to play a major part m such fixation reactions However, it appears 
that the mactivation of the thermostable components (C'4 and C'3) does not 
mterfere with the fixation of the thermolabile components (C'l and C'2) 
Further, m the absence of mid-piece, C'2 and C'4 are not adsorbed or inac- 
tivated by fixation, while m the absence of C'2 and C'4, C'l is still adsorbed by 
specific aggregates The full significance of these results will be elaborated 
m a subsequent paper deahng with immune hemolysis smce they are best 
mterpreted when a visible reaction, such as hemolysis, occurs 

T]ie Fixation of tlie Components by Complement by Various Antigen-Antibody 
Systems — In order to determme whether the nature of the antigen influences 
the fixabihty of the components of complement, a senes of experiments was 
conducted m which antigens of different characteristics and molecular sizes 
were used 

The components of complement were fixed quite similarly by human serum- 
antihuman rabbit serum, tobacco mosaic virus-antitobacco mosaic virus rabbit 
serum, and by hemocyamn-antihemocyamn rabbit serum aggregates The 
fixation of the components by these systems was quahtatively similar to 
fixation by SIH-antipneumococcus Type HI rabbit serum (Table V) 

Smce sensitized red blood cells of different species are commonly employed 
m the assay of complementary activity, an experiment was performed m 
which complement was allowed to fix to the specific aggregates of sheep, dog, 
human, and gumea pig erythrocytes at 1” C The results obtamed were similar 
to those descnbed for other aggregates, except for a few minor deviations 
Whereas the fixation of C'4-C'2 m these cases was almost identical with then 
fixation by other systems, C'3 appeared not to be adsorbed at aU Marked 
variations occurred m the amounts of C'l which combmed with the different 
ted blood cell aggregates, as expressed m the foUowmg order gmnea pig > 
sheep > human > dog 


DISCUSSION AND SUMMARY 

From the experunents reported here it is evident that the amount of each 
complement component which combmes with specific immune aggregates 
depends upon a number of factors, mdudmg the age of the complement, the 
concentrations of antigen, antibody, and complement, hydrogen ion and 
electrolyte concentrations, and time and temperature of mcubation for fixation 
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The cipenmenta also reveal the following 

1 0^4 must be considered a combining component of complement because 
it 15 mvanably inactivated or adsorbed by specific aggregates. 

2 C^3, although necessary for the final action of complement, < g , hemotysis 
or bactenadal action, is fixed only partially or not at all by antigen antibody 
compounds. 

3 C^2 IS fixed together vnth (^4, a» is evident from those expenmeats m 
which reactivations were conducted with a COrbsoluble fraction which con- 
tained no C'4 activity 

4 Mid piece, which contains C^l, generally stated to be the single combining 
component of complement, is adsorbed by immune aggregates in varying 
amounts dependmg on the experimental (xnditions employed 

5 No inactivation or adsorption of (^4 and of C^3 occurs upon the addition 
to specific aggregates of serum which has been heated at 56®C for 30 to SO 
mmutes This indicates that certain thermolabUe constituents of serum are 
necessary for the fixation of C4 Inactivation of C^4 by hydraiino or the 
removal of C^S by the insoluble carbohydrate from yeast does not markedly 
in£uenc£ the fixation of the other (mmponents 

6 The ojuumption that the rmd piece is the sin^e combining component of 
complement is further questioned for the foUowmg reasons 

First, C4 m fresh, untreated serum combines with specific aggregates, but 
C4 in heat inactivated serum does not It is, therefore, apparent that a part 
of the combinmg complement must be attributed to C'4 and its earner C'2. 
Second, it will be shown in a subsequent piaper that C^l, heated at 56®C for 
45 minutes, combines with speofic immune complexes, and in doing so may in 
fiict inhibit the further combination of the components of untreated comple- 
ment This effect, first noted by Ehrlich and Sachs (27), is termed a **com- 
plementoid^' action Thirdly, it will also be shown on the basis of quantitative 
mtiogen data (28), that the combinmg mtrogen, m those mstancfs in which 
large ammmts of serum are added to a constant amount of aggregate, should 
for the most part be attributed to C'4 and its earner C^2 

7 The nature and the molecular die of the antigen docs not influence the 
qoahtativc picture of fixation of the complement components- 

8 WTiile it 13 tempung to speculate on the mechanism of complement fixa 

bon, it probably is advisable that such speculation be postponed until expen 
merits to those reported here are performed ivith purified components. 

However, certain differences between the fixation of the complement com 
ponents to specific aggregates and the adsorption of these components to 
non-speafic agents, are apparent. For example, in apeofic immune fixation 
C'4, C% and varying amounts of C^l ore fixed, while in non-speafic adsorption 
both to morgamc adsorbents (29) and to untreated bactena (30, 31), no fixation 
of C'4-Cy2 occurs while all of the other components of complement are ad 
sorbed. Furthermore, 0^3 is bound only partially or not at all to sp ec ific 
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aggregates, while it is completely adsorbed or inactivated by non-specific 
adsorbents It appears, therefore, that the highly reactive component, C'4, 
IS directly and immediately mvolved m specific immune fixation 

9 A very small amount of specific immune aggregate combmes with a large 
amount of complement, whereas a large amount of non-specific agent adsorbs 
only a small amount of complement This difference is undoubtedly due to 
the marked chemical affinity of CAr-C'2 and C'l for the surfaces presentedby 
immune aggregates 

10 It can be now stated that when complement exerts its activity in hemo- 
lytic, bacteriolytic, or bactericidal reactions, C'4-C'2 and varymg amounts of 
C'l must first combme (fix) with the antigen-antibody compoimd m question, 
and that any secondary manifestation is dependent both on the adjimctive 
action of the imbound C'3 (26) and on the nature of the substrate employed 

The chemical and immunological imphcations of these results will be further 
elaborated m subsequent papers 

We wish to express our gratitude to Dr Michael Heidelberger for his critical review 
of this paper 
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STUDIES ON MENINGOCOCCAL INFECTION 

Xn liOfUNOCHElIICAL SrODtKS ON MENINGOCOCCUS TyPE H 
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(JFrom the Division of Xlicrohiolog^t The S^nbb Insiiiule for Medical Restcrck, 
New BrunswicM) 

(Received for pobbcation January 7, 1942) 

Rake and Sdierp (1, 2) have isolated from broth autolysates of menmgococ 
cus group I UJ three prmapal Iractioos, one of protein nature and two of 
carbohydrate nature They have demonstrated that the former otmes group- 
speafic properties while of the latter, one has type-speafic and the other group- 
specific properties Little was known about the immunochemistiy of Type II 
meningococcus when the present work was imtiated Rate and Scherp (1, 2) 
had isolated from this type a group-specific protem component and demon 
atrated that type-specific properties were connected with a certain fraction, 
which gave both carbohydrate and protem reactions 

The present work was undertaken to further oar knowledge of Type H 
meningococcus, it was earned out for the most part on a virulent Type II strum 
(Herrington), and comprised (o) studies on autolysates from cultures gro wn 
m hormone broth and (6) studies on young cultures grown on blood agar 

Studies of BroUt Auiolysaics 

Broth autolysates were obtained as described previously (1, 2) After phenol to 
OE per cent Had been added they were centrifuged at 30,000 to 35 000 sjaa in a 
5>h*r p ]f^ superantufuge, and the supemates filtered through various filters to darify 
and to remove bacterial debns. Final filtration was always earned out throu^ 
Chamberland L5 filter*. The filtrates were concentrated by ultrafiltiatjon through 
Bronfenbrenner alundum candles (3) coated with 7 per cent collodion m fllscial acetic 
add. 'Ihe concentrates were “washed' on the membrane with distilled water imtil 
the filtrata were Molisch negative The filtrates were discarded, as they were found 
to be serologically mactive 5 filtrates of the 7 different prepara t ions having been 
tested. 

The dark brown colored concentrates may be fractionated as shown in the 
flow sheet The Pi predpitates were further purified by repeated solution In 
shghtly water, followed by precipitation with dilute acetic aad, until 

the supernates had become Molisi native. These steps were carried out 
m the cold The water washed precipitates were either dried from frozen state 
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Flow Sheet 


2 to 3 week broth cultures + phenol 
Centrifugation 

Centrifuged liquid 

Filtration through 
various filters 

Filtrate 


1 Concentration by 
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Concentrate 
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Preapitate 
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Supernatant 
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Preapitate Supernatant 
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Removal of 
(NHOiSOi by 
dialysis 

Punfied kappa Carbohydrate portion 

(Type-speafic substance corresponding 
to protrctive antibody) 


Purification of 
crude kappa 


N 


on a cryochem apparatus (4) or further washed with acetone, filtered, and dned 
vactw 

Chemical properties of Pi fractions obtamed from 7 different preparations 
are summarized m Table I These substances are gray or brown, insoluble m 
distDled water or sahne, but soluble on addition of minimum amounts of dilute 
NaOH to brown solutions, which flocculate with dilute acetic aad or Tanret’s 
reagent and give positive biuret, Millon, and Sakaguchi reactions 

In one mstance a sunilar substance was obtamed by aadifymg the super- 
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centrifugate directly This latter method was not used more frequently, how- 
ever, as ultrafiltration removed broth constituents which otherwise might 
precipitate together with Pi 

As exemplified m the flow sheet, further portions of protem nature (Tanret 
and biuret positive) can be separated from the supemates of Pi Type spec 
ifidty was found to be present not only m Pi, but also m both Pj and N Data 
concemmg Pi and N are mcluded m Tables H and V These data, which will 
be clarified m connection with the expenments described for component Pi, 
show that Pi was considerably richer m type-specific substance thnn Pj and 
somewhat richer than N (Table V), N bemg antigemcally less homogeneous 
than Pi (Table IT) 

The deproteinized mother liquors contain portions of carbohydrate nature. 
Only very weoL type-specific serological reactions were given by these polysac- 


TABLE I 

Eiirems and lltan Vcltus of CktMtcal Prop*rlUs Pi Fradions Isolatod from Varioui 
PrtparoiwMt of tko Ilcmniton Strain of Typ$ II llauniococci 
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* The methcxl of Hddelberger and KeodoU (5) vas applied and the colnrt, read in a photo- 
electric colorimeter evaloated from equations calcnlntfd from galactose stnndaids. 


chandes when present m high concentrations. Carbohydrate fractions were, 
however, reactive with polyvalent antimenmgococcufl horse sera, known to 
contam antibodies for the group-speafic C fraction, and th^ also showed some 
reactivity with polyvalent Type 4-8 antipnenmococcus horse sera. Such 
fractions contamed about 35 to 37 per cent hexosamme. As peptone was a 
constituent of the medium it seems reasonable to assume that such portions 
mnttnn chiefly blood group A substance (from peptone (6)) together with memn 
gococcus C substance and mer e traces of type-specific material 
For these reasons Pj, N, and carbohydrate components were studied less 
thoroughly 

Serological Studies 

For serological studies the nng test technique was apphed throughout, the readings 
recorded in the tables are those tafeen after 2 hours at 37® 

Ihe following antoraeningococcus Type II aera were used (1) A pool from several 
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bleedings of two rabbits designated 13-15, these animals had been immunized with 
whole cultures of Type II meningococcus and the mouse protective value of this pool 
was 67 umts (2) Another pool, also from several bleedmgs of two rabbits and 
designated 3185-3192, exhibited 180 mouse protective umts For certam tests the 
latter serum was exhaustively absorbed with young Type I organisms grown on blood 
agar, and was then designated “3185-3192 absorbed.” (3) Three more sera (M18, 
M22, and M37) were prepared by immumzmg rabbits with 6 hour cultures of Type n 
menmgococa The mouse protective values of these three sera were 16, 47, and 27 
umts respectively (4) S imi l ar ly, anti-Pi sera were prepared by immuniz ing rabbits 
with 1 1000 sahne dilutions of a Pi fraction, startmg usually with 0 1 ml. and mcreas- 
mg the dose gradually to 1 0 ml Pi proved to be qmte toxic, as evidenced by tem- 
perature reactions and by several fatahties Anti-Pi sera gave strong precipitm 
reactions with memngococcal protems (cf Tables V and X), but were of only low 
mouse protective value, the highest potency observed was 9 umts They reacted also 
with aad-preapitable protem derived from Type I (Table V) but exhibited, on the 
other hand, a certam degree of type speafiaty m the agglutmation reaction 

In serological respects, Pi exhibited two important properties (1) It reacted 
strongly with both antiprotem serum and (absorbed) antimerungococcus Type 
n serum 3185-3192, as wdl be seen from data recorded m Table V Durmg the 
course of experiments attemptmg to separate the type-specific fraction from 
the protem it was found that the reactivity with antiprotem serum was lost 
after digestion with proteolytic enzymes while the reactivity with serum 3185- 
3192 was retamed fully or even mcreased These experiments will be described 
m detail later {(^ page 443, and Table V) (2) It removed from protective 
serum (13-15) all protective antibody Thus samples of serum 13-15 were ab- 
sorbed with vanous Pi fractions at the antigen excess end of the eqmvalence 
zones, the absorptions were carried out by keepmg the mixtures m the cold and 
shakmg occasionally for 4 days All the Pi fractions from Type 11 removed aU 
protective antibody, a protem component derived from Type I and comparable 
to Pi m so far as it was aad-precipitable and prepared m an analogous manner, 
failed to do so The data of these experiments are recorded m Table II 

As mentioned above, we have reason to beheve that Pi is richer m type- 
specific substance than either P* or N Accordmgly, attempts were made to 
separate the type-specific prmaple from Pi protem However, contrary to the 
experiences with Type I menmgococcus (1, 2, 7), we could not separate the 
type-specific substance from protem by repeated acid preapitation The fol- 
lowmg methods also failed to separate type specifiaty from “accompanjnng” 
protem (a) treatment with CHCI3 and butyl alcohol, according to Sevag (8), 
at neutrahty and at shght alkalinity, (6) heatmg Pi m diluted NajCOj solution 
at 50 to 55°C , followed by neutralization and repeated treatment with CHCh 
and butyl alcohol, accordmg to Sevag, Lackman, and Smolens (9) , (c) subfrac- 
tionation with the aid of (NIIi) 2 S 04 , (d) electrophoresis m a 7 cell electrophore- 
sis apparatus (10) 
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a Saline solutions of a Pi preparation (BIPPi) were treated with CHCh and 
butyl alcohol The aqueous phases were tested serologically Protein re- 
moval was paralleled by loss of all serological rcacuvity 

TABLE n 

PrccipUin Rtacit^H of VorUnit Fraciiotu «i<k .Sovni tS-lS {67 Ifouu Pnltdiv* Urtils) and 
if<nis$ ProUctrM UniU Ranainini in tkt Strum afUr Ahsorptlcn 


Soctirltr (J *baMb«d icmia wUb tnctioQ oMd lor abaorpUoo tad witli 
na&bgorbcd MHua 
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a 

A 

! => 
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e- 1 
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^ 1 
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(=F) 

+ =t 

+ 
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Serum absorbed with 
volume of diludon 1 
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200 

300 

200 

100 

600 

Mouse proteedvo unit* In ab- | 
sorbed serum 

<5- 

<10** 

<4« 

<5« 

S6 


• In tHi and the {oUoYrlng Uble* the foUcwnng dcaotation* are u*ed 
(=p) queUionahIc reacUooi. + 

(±) v«y weak but »UU definite reaction*. H*± 

± weak but definite reaction*. ++ 

+4*^ ~ iocreating araount* of precipitate. 

+++ 

+++± 

++++ 

t Labomtoiy deaignatloa of Px fnictfon rued. 

S Laboratory dealgnation of N fractioD- 

tl Laboratory deiignaUoa of odd-predpltable protein component prepared from Type I, 
the dilutioii* u*ed in thi* initance were J 300 600 900 and J200 reipartively 
Least value tested, 

b About 100 mg of a Pi preparation (BIP®Pi) were treated under the con 
ditiona described by Sevas, Lackman, aad Smolens (9) Abquota were irith 
drawn before and in the course of CHCU treatment and tested serobgically, as 
recorded m Table HI From the combmed CHCli layers a substance was 
isolated by addition of redistilled acetone. This substance was of protem 
nature, as evidenced by ita preparatiou and by its being biuret positive. It 
was tested before and after tryptic treatment with antiprotem serum and with 
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TABLE m 

Pi Trealed According lo Seoag, Lackman, and Smolens (9) Paralldism of Protein Removai 
vnth Decrease of Serological Reactivity 


Condi bom 
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Vs antiprotein serum 
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ST 

lOT 
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TABLE IV 


Cdl Contents after 21 Hours Electrophoresis of Pi and Serological Tests on Them 


Cdl No 
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absorbed 318S 3192 serum, as recorded m Table m This expenment shows 
again that the active prinaplc is firmly bound to proton, as it disappeared 
gradually from the aqueous phase and could be found in the protein portion 
isolated from the CHCb layer 

c 820 mg of a Pi preparation (BIPPi) were fractionated with OJHiitSO*. 
Three fractions of protein nature were obtained, precipitable at 23 per cent, 45 
per cent, and 100 per cent saturation in yields of 317, 143, and 130 mg respec- 
tively These fractions gave f>oaitive bmret and Sakaguchi reactions. Only 
the portion precipitable at 23 per cent saturation gave a distinct MfUn n test, 
AH three were reactive with both antiprotem serum aTid with absorbed 3185- 
3192 serum, and ail three removed nearly all protective antibody from serum 
13-15 (67 units) From the final (NH|)iS0« supcnmtes a small, serologically 
inactive, biuret negative, and strongly Mohsch positive fraction (64 mg ) 
was obtained This experiment also shows that the active pnnaple is con- 
nected with protem 

d A dialyzed solution of 40 mg of a Pi preparation (BIPPO m 20 ml dis- 
tilled ivater was subjected to electrophoresis m a 7 cell apparatus (10) at 2,000 
volts The substance was placed m the middle cell, the other cells being filled 
with distilled water After electrophoresis for 21 hours, the picture, mcludmg 
bmret and serological tests, was as recorded m Table TV This eipenment 
shows that, on electrophoresis, partial mi gr ation and separation take place, 
but that serological reactivity again is only connected with those portions which 
also ore bmret positive, tA, only with components of protein nature. Two 
more dectrophoreas experiments on another Pi fraction and on a P* 

fraction (see flow sheet) led to the same conclusions. 

Adum of Ensymss on Pi — Kappa Subilance 

Under the influence of proteolytic enzymes Pi loses its reactivity with anti- 
Pi serum, while its reactivity with (absorbed) antimcningococcus Type 11 
scrum is fully retained or even mtensified, as exemplified by the following 
experiment 

Two 1 0 mL samples of an aqueous solution of a Pi fraction (BIlTi) containing 
159 mg. per 15 mL were pipetted into Waasermaiin tube* To each sample 1 0 mL 
lf/5 phosphate buffer pH 7 0 and 2 drop* of toluene were added. To one of the tube* 
0,25 ml of a trypsm solution (250 mg /lO mL) which had been roughly punfied by 
rtanovmg aad preapitable material, was added. The tubes were capped and placed 
into a water bath at 37* for 4 days. Saline dilutions corresponding to 1 1000 1 5000, 
ondl 10 000 of the substance originally used were made up and tested against anti Pi 
serum and against absorbed 3185-3192 serum. 

All of the Pi fractions were tested according to this general scheme. The 
m^-n results are recorded m Table V Trypam controls which had been meu- 
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bated in absence of Pi, reacted neither with anti-Pi serum nor with absorbed 
3185-3192 serum 

The results of numerous other en 2 ymatic experiments (Table V) may be 
summarized as follows (a) Serial addition of trypsm up to 2 ml trypsm (i e 
50 mg ) per 10 mg Pi and mcubation up to 10 days did not alter the results 
m any way (6) Identical results were obtamed when tryptic digestion was 

TABLE V 


Reactimiy of Mentngococcus-Proletn Fractums with Anltproletn Serum attd with Absorbed 
Anttmentngococcus Type II Serum 
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designation ' 
of iractioQ 
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• Similar results on Pi from a culture grown on a semisynthebc medium, containmg 
casern-hydrolysate and yeast extract as pnnapal ingredients 

t Similar results when digested at pH 7 6, 8 5, or m n/4 NajCOj Similar results with 
crystalhne trypsm, crystalline chjunotiypsm, or mixtures of both at neutral reaction 
5 Similar results on three other fractions digested at pH 5JZ 
11 Similar results when digested m n/10 HQ 
** Aad preapitable protein component prepared from Type I 

carried out m sahne solution or at pH values of 7 6 or 8 5 or m n/4 NajCOj so- 
lution (c) Activated papam at neutral reaction and at pH 5 2 caused essen- 
tially the same effect, although the destruction of anti-Pi serum reactivity was 
less marked (d) Crystalhne pepsm acted at pH 3 0 and m n/ 10 HCl solutions 
essentially the same way as trypsm at the conditions described 

It appeared evident that the type-specific prmaple could not be removed 
from protem by mild, simple, and but shghtly destructive means As, how- 
ever, thm prmaple was foimd m enzymatic digests of Pi, we attempted to iso- 
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late this substance, termed kappa substance, from trypbc digests. By 
punfyfng tryptic djgeats with charcoal, followed by dialysis,* fairly colorless 
kappa was obtamed (</ Table VI), as, however, by repeated charcoal treat 
ment eventually all serological reactivity was lost, the following method of 
purification was chosen 

Pi from 4 different preparations was pooled and digested with trypsin in 
presence of phosphate buffer pH 7 5 The digest was freed from phosphate by 
dialysis and brought to dryness on a cryoebem apparatus. 1 8 gm. of crude 
kappa substance were obtamed from 9 4 gm. Pi On the basis of the precipitin 


TABLE VI 

Ckmied and StroioiUaTFn^trtUs of Cruda Kappe^ PuH^ RappOj and of Cowipcntni 
t Stpo^aied from Cmdt Kappa by {NB^tSOt Froiiionaihn 
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emt 



1 




im 

Crude kappa 


9 0 

‘'I 

a 9 

+ 

(±) 

- 

++++ 
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cbanxol treatment 
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S 2 
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'+± 
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'++++ 
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1 


test there was approximately a tenfold maease m activity from Pi to crude 
kappa. 

Such crude kappa substance was further purified by removal of a small 
portion, insoluble m chilled 0.2 ii acetate buffer pH 4 0, followed by (NHOiSO^ 
fractionation * At 62^ per cent (t 4 H 4 )iS 04 concentration, the bulk of active 
material flocculated out. Material Isolated from the supemate showed very 

^ 250 mg. trypsin autodigested in presence of phosphate buffer and dialyzed against 
distiUed water yielded after drying from frozen state a residue too small to be collected. 
This ftirm?? refdue dissolved only psrtial/y inOZu acetate buffer at pH 4 0, the dear 
centrifuged supemate rendering only a faint opalescence on saturation to 62.5 per 
cent with (I'7Hi)»SO« Trypsin may therefore be eiduded aa tangible impurity in 
any of our kappa prcparationa- 

* (NHOjSOi being removed subsequently by dialyais. 
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little serological reactivity The portion precipitable at 62 5 per cent (NH 4 ) 2 S 04 
was repeatedly treated with CHCU and butyl alcohol, according to Sevag (8), 
when only a small amount of matenal was removed mto the CHCh phase The 
aqueous phase was brought to dryness on a cryochem apparatus The yield was 
172 mg punfied kappa from 727 mg crude kappa In addition, 169 mg “almost 
inactive” matenal from the (NH 4 ) 2 S 04 supemates, and (active) mmor fractions, 
aggregatmg to 93 mg , were isolated, the CHClj phase rendered 10 mg of 
(active) matenal In another experiment, 177 mg punfied kappa were ob- 
tamed from 545 mg crude kappa On the basis of the preapitm test, there 
was only httle mcrease m serological activity from crude kappa to punfied 
kappa 

Punfied kappa consists of a gra 3 nsh brown powder, readily soluble m dis- 
tflled water or sahne to give a somewhat opalescent solution, which clears up 
on addition of minimal amounts of diluted NaOH It is Tanret, Sakaguchi, 
and ninhydnn-positive but biuret-negative Chemical and serological proper- 
ties are recorded m Table VI 

When tested m the precipitin reaction with three different anti-Type I sera, 
kappa was found non-reactive with one of these sera, while weak reactions 
(H — h and -}- respectively m 1 IT, and -f and ± m 1 lOT) were observed m 
the other two sera * It is not known whether these weak reactions are due to 
small amounts of an impurity or to the “existence of antigemc determinants of 
diverse speafiaty” m the kappa molecule, m the sense of Hooker and Boyd's 
observation on systems of crystaUme duck and egg albumm and their an- 
tibodies (11) 

Kappa removes practically all protective antibody from TVpe II protective 
antisera, as shown m Table VII Quantitative mtrogen determinations per- 
formed accordmg to the method of Heidelberger and Kendall (12-14) on the 
precipitates of these experiments, mdicate a correlation between total preap- 
itated mtrogen and mouse protective value 

Electrophoresis experiments earned out both m the Tisehus apparatus,^'’ 
and m a 7 cell apparatus (10) did not free kappa from colored matter Part 
of the color at least seems, nevertheless, not to be an mtegral part of the mole- 
cule, as supemates of serum M22 pooled-1, absorbed with kappa at the equiva- 
lence pomt, were distinctly brown colored, but did not react with unabsorbed 
serum Possibly electrophoresis m the Tisehus apparatus at other pH values 
might have led to separation of colored matter from kappa Lack of material 

’ Weak heterologous reactions of the same order of magmtude had also been ob- 
served with the mother substance of kappa, » e , Pi 

■* We wish to express our thanhs to Dr D Moore, of the Presbytenan Hospital m 
New York, and Dr B Chow, of this Institute, for canymg out these tests 

‘ Kappa bemg dissolved m 0 02 si phosphate buffer pH 7 45 and pH 7 47 
respectively 
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has prevented us from sudi studies. As the color of kappa interfered m the 
Tisehus apparatus with observation and photographic recording the question 
about the electrophoretic homogeneity of kappa remains still unanswered. 

In the experiment conducted by Dr Chow, gmal) quantities of a fast movmg 
cobred portion (a) and a slow moving, sU^tly colored portion (6) were col- 
lected and isolated.* Both were equally reactive with airbed serum 3185- 
3192 By further absorption of this serum with (a) all reactivity with (6) and 
with kappa had disappeared. When kappa was subjected to electrophoresis 


TABLE Vn 

Equhdatce Zon* Ddtmxn^Um of VarhutAnlt-Tjpo II Sera mtk Kappa and Uous* Protcdfu 
UmU R maiui ni afUr Abjorptlon otAniiien Extnt End of Ejufmderti Zeno 


Ull^ookd-l Un-fuokd-l I 

(l6bP0) («7fcU) OTMPU) 
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Serum absorbed with equal 
volosie of saline dihition 1 
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IT 

isr 

liJT 

2 sr 

(±) 

(±) 


(T) 

+++± 


(±) 

(±) 

+-I-+ 

+d5 

d: 

2J0 mL Mium ttbaorbed with VB loL ' 
taHne dilution of kappa 1 

J50 I 

239 

750 

Mouse protective units rexualnlog In 
absorbed senun 

4 1 

i 

4 1 

3 

Mg total predf^tated N| per ml. serum 

0 175 

0 533 1 

1 

0 273 


from the cathodic end-cell of the 7 cell apparatus (10) migration took place 
through the whob system mto the anodic end-celL After 21 hours the main 
portions of kappa had accumulated m the cathodic and anodic end-cells, as 
by the cobr and as confirmed by weight determinations on the 
isolated cell contents. No serological croo reactions occurred, when samples 
of qbffnrb#>d scTum 3185-3192 were further absorbed with these mam portions of 
kappa which had been subjected to electrophoresis, and were cross tested in 

• Wc must leave the question open whether kappa separated under the experimental 
conditions into 2 (or more) portiona, or whether the appearance of a cobred, fast 
moving, and a but ihghtly cobred ibw moving portion was due to the superunposed 
effect of colored matter 
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the preapitin reaction. The fact that electrophoresis effected no separation 
into serologically different fractions indicates a certain degree of purity for 
kappa Neither the expemnents in the Tisehus apparatus nor those in the 
7 cell apparatus gave any indication of separation of serologically active carbo- 
hydrate from kappa Carbohydrate appears to be rather m chemical linkage 
to the rest of the molecule This pomt is supported by the fact that serum- 
kappa preapitates are always of the finely granular type, which usually is 
mterpreted as a protem-antiprotem reaction, compact discs, which are consid- 
ered as mdicative of carbohydrate-anticarbohydrate, were never observed 
Considermg the various data, kappa itself appears as a protem spht-product, 
carrymg some colored matter as an impurity which can be separated only with 
difliculty The protem nature of kappa is manifested by positive nmhydrm 
and Sakaguchi tests and is mdicated by the electrophoretic mobihty m the 

rm /s6C 

Tisehus apparatus which is m the order of 10^ — Besides ammo aads, 

volt/em 

there appears to be carbohydrate present as part of the molecule The bulk of 
kappa, therefore, can be considered to be a carbohydrate-contammg poly- 
peptide 


Studies on Young Cells 

As we had isolated this kappa substance from broth autolysates, we were 
mterested m ascertainmg whether we could identify the protein from broth 
autolysates with protem from young menmgococa Tfype II cultures Five 
to 6 hour blood agar cultures were fractionated accordmg to the method devel- 
oped by Heidelberger and Kendall (15) on a scarlatinal stram of hemolytic 
streptococcus cind later apphed by Heidelberger and Menzel (16) m then 
studies on tubercle bacilh Save for shght, unessential modifications m the 
procedure, methods and designations are the same m the present work The 
properties of the mam fractions (D and K) obtamed m two different prepara- 
tions are compiled m Table VlU 

These quantitatively most abundant fractions were used to absorb protective 
serum 13-15 m the same manner as described above This serum contamed 
ongmally 67 imits The results are recorded m Table IX 

Furthermore, the various fractions were subjected to tryptic digestion and 
serological tests performed as described above The results upon D and K 
are recorded m Table X 

The absorption experiments show that specifiaty correspondmg to protec- 
tive antibody is predominantly connected with fraction K, although this 
specifiaty is encountered to a considerably lesser degree also m fraction D, the 
experiments on tiyptic digested fractions show clearly a basic difference be- 
tween D and K. The serological, as well as the chemical properties, of the 
several mtermediate fractions he broadly between those of D and K It 
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and Mouu Proiataa Urdu Rtmaiidnt t^Ur AbwpUon ai EquioaUMCo Point 


lautlTitjr o( ^a oib wS Mna vUL tnrttoa md lot Uaotptkn 
am! wUa Hjubiorbcd khub, mp«ctlvt!y 



BffD 

U-U 

BHUD 


Bn<K 

u-u 

m 

u-u 

Serum tbtotW 
with equ&l voL 
tirrm of fUnw <1| 
hitlon 1 

100 

250 

500 

750 

1000 

1250 

2500 

+ 

+++ 

++-f-± 

++++ 

++++ 

++++ 

++++ 

+++ 

+± 

+ 

(±) 

++± 

+++± 

+++± 

++(±) 

++ 

C±) 

+ 

+ 

+ 

++ 

-H-+ 

+++ 

++ 

+ 

± 

(*) 

+ 

1 

Serum abeorbed with 
equal volume of talioe 
d^tion 1 

100 

100 

500 

750 

Mouae protective units in 
absorbed serum 

57 

24 

<5* 

<4* 


*Leut vihis trttcd. 


TABLE X 

RtatitoUy of Various FracBons Derioti from Tcttni Hass CulUtrts boforo and afur TrypHe 
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IS, therefore, possible that those intermediate fractions are mixtures of “ideal” 
D and K No mdication of the presence of type-specific substance was found 
m the aad extracts of the menmgococci m the precipitm test with absorbed 
3185-3192 serum, the final conclusion bemg that specifiaty correspondmg to 
protective antibody m young cells is also mtimately connected with protem, 
especially that protem portion (K) which requires the highest alkah concen- 
tration to be brought mto solution 

It seemed conceivable that by immunizmg rabbits with K, sera of high 
protective values could be obtamed This was not the case The highest 
potency ever observed m 3 animals was 8 umts Precipitms against memn- 
gococcal proteins were, however, obtamed m high titer 

DISCUSSION 

The precedmg experiments show that m merungococcus Type If Hemngton 
stram, type specificity correspondmg to protective antibody is mtimately 
connected with protem In this respect merungococcus Type II differs strik- 
mgly from Type I and also differs from the various strains of pneumococci 

Rake and Scherp (1, 2) have isolated from Type I broth autolysates a protem 
component, which on accoimt of its aad preapitabihty might be compared 
with Pi of the present studies Both components occur uniformly m the step 
of aad preapitation, although neither is beheved to be a chemically pure 
entity Pi removes from protective anti-Type II serum all protective anti- 
body, it IS furthermore reactive with absorbed 3185-3192 serum before and 
after tryptic digestion, the aad-preapitable component from IVpe I, on the 
other hand, lacks all these quahties (Tables II and V) 

It appears that type specifiaty of Type II, as manifested by correspondence 
to the protective antibody, is firmly connected with protem Also m young 
cells type specificity occurs m connection with protem constituents, predomi- 
nantly with that protem portion which requires the highest alkah concentration 
to effectuate dissolution 

In broth autolysates this type-specific substance appears to be connected 
with various components of protem nature We have used Pi as an easily 
accessible startmg material for isolation of this substance, although possibly 
other protem portions (P 2 or N of the flow sheet) could be used to advantage 
for tins purpose The kappa substance could be spht from Pi by tryptic 
digestion and further purified by methods described above. Although this 
substance has not as yet been obtamed m absolutely pure state, we feel that 
the purity arrived at mdicates that the bulk of kappa is composed of a carbo- 
hydrate-containmg polypeptide The chemical linkage of the phosphorus 
s till remains to be ascertamed 

The term “type-specific substance,” is usually connected with the idea of 
polysaccharides, although a few examples of type speafipty m connection with 
protem or protem-hke substances are known Such instances are well estab- 
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liahed m Group A hemolytic streptococa (17-19, 15) and m lype A staphy- 
lococcus (20) Type speofiaty la completely destroyed by proteolytic en- 
jymes in the cases of Loncefield'fl M substance (18, 19) and Verwey’s ataphy 
lococcal protein (20) In the instance of meningococcal protein, however, 
this IS not so Kappa substance indeed behaves as if it constitutes on enzyme- 
resistant prosthetic group to meningococcal protein- For this reason, we 
believe that we are dealing with a new kind of type-specific substance, different 
from the type-specific pofysaccharidca and also different from the above dis- 
cussed typc-spcafic proteins, 

Polysacchandic antigens, which also contam some polypeptide as part of 
their molecule, are known, for inatance the specific antigen obtained from 
B dysenkrm^ (21) Therefore, kappa would seem to belong in the middle of a 
sequence of type-apeafic substances varymg from proteins to polysaccharides 
as follow's (1) proteins, all specificity destroyed by entymes, (2) proteins, 
type apeofidty connected with an enzyme-resistant prosthetic group, com 
pnamg polypeptides plus some carbohydrate, (3) polysaccharides containing 
some polypeptide, (4) polysacchondcs, poIypeptlde-frce. Such a scheme 
would find further confirmation m the fact that results somewhat analogous to 
ours have been obtained by HcorikseD and Heidelberger by the tryptic diges- 
tion of protem fractions of the hemolytic streptococcus (22) 

Our findings differ from the results of Miller and Boor (23) These mvesti 
gators are of the opinion that the type-specific substance of Type II menm- 
gococcus is of hpocarbohydrate nature, comparable to the substances isolated 
by Boivin and Mesrobeanu (24) from B aerirycke and other microorganisms. 
This discrepancy, however, may find an explanation, in the fact that Miller 
and Boor have worked with strains of meningococcus Type n different from 
our stram 

Experiments earned out by us on strains other than the Hemngton strain, 
namely the Albany stram 36 and two strains of Miller and Boor's, designated 
44 and 45, that only the Albany strain 36 resembled closely the 

Hemngton strain, m that from it an aad-prcapitable Pi could be obtamed 
which chemically and serologically resembled Pi from the Hemngton atrain- 
Autofysate concentrates of strains 44 and 45 were reactive with both antqiro- 
tcin scrum and with absorbed anti-Type II serum, losmg the former but 
retaining the Utter reactivity after digestion with trypsin. Acid-preapitable 
portions could not be obtained from such autolysate concentrates, but on 
saturation with (NH 4 )iSOi to 333 per cent precqutates resulted, which sero- 
logically, although not chermcally, resembled the Pi fractions obtainable from 
Hemngton strain prqiarations. These facts certainly indicate the presence 
of Ifflp pn. substance in strains 44 and 45 
CONCLOTIONS 

From meningococcus Type n broth autolysates, a substance, corre^xmdmg 
to tbft protective antibody bns been isolated This substance, termed kappa 



452 


MENINGOCOCCAL INFECTION XU 


substance, is firmly connected with protem but can be separated by the action 
of proteolytic enzymes Methods of preparation and purification are given, 
together with chemical and serological data In whole cells from young cul- 
tures, this substance is also connected with protem, especially with one protem 
fraction which requires highest alkah concentration to effect solution 

The authors wish to express their thanks to Dr Michael Heidelberger of the Presby- 
terian Hospital m New York, for constant mterest and valuable advice 
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STUDIES ON HYPOALBUMINEMIA PRODUCED BY PROTEIN- 
DEFICIENT DIETS 

^ E HYPOAiOTimfEUiA As a OnAunrATivE Measdue or 
Tissue Pbotein Depletion* 

Bt L, A. SACHAR, ABRAHAM HORVTI^ M ako ROBERT ELMAN, MJ) 
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BospUaJ, St LouiSf Musouri) 

(Received for publication, January 23, 1942) 

The realization within recent years of the prevalence n.nd seriousness of 
protein defiaency has emphasized the need for some simple TTn*a.nfl of recognis- 
ing the presence and d^cc of such a conditiom The only proteins capable of 
direct clinical measurement are those m the blood. Yet there has, so been 
no evidence that a lowered plasma protein concentration reflects accurately 
anything but a defiaency in the blood alone. 

During the course of other experiments, evidence was adduced indicating the 
existence of a constant relationship between losses m the total carculatuig 
plasma alhumm and in the body protein as a whole. This, of course, imme- 
diately suggested a means of recogmdng and evaluating total body protein 
deficiency Of the plasma proteins it is only the albunun fraction which 
consistently decreases during an inadequate protem intake ( 1 - 3 ), for this 
reason consideration may he confined to this fraction alone. The total arcU 
lating serum^ albunun can be rcadEy obtained by multiptying the albumin 
value by the plasma volume which may be estimated from the body weight or 
determined directly By subtracting this total drculatmg serum albumin 
from the normal, the number of grams of albumin by which the scrum is 
depleted is obtained The depletion in the tissue proton is, of course, readily 
measured by detcrmming the total mtrogen loss m the unne and feces. Now 
if the relationsbip between total serum albumin deletion and total tissue 

Total aeium mlbumin depletion 
protein depletion 13 represented by the equation " 

“ Kf the value of ^ Is readily calculated- On the other hand if ^ 13 known 
and the scrum ff lbiimin measured the only unknown would be the tissue proton 
depletion for which the equation could then be solved. 

•Aided by a grant from the I-ouisD Beaumont Fuad. 

'Becaufc fibrinogen cornea out In the giobulm fraction, scrum albumin and 
plasma albumin are practically the same, the lertns will be used interchangeably in 
this paper 
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TABLE I 


Data Showing the Approximate Quanittalive Relatumskip (K) between Dietary Changes in 
Total Serum Albumin and Tissue Protein 





Loss of teram albumin and 
tiisue protein 





Total 

I 

1 

Aothor 

Dietary procedure 

Plafiua voluiDe 

Total 
albumin 
loss (gm.) 

tissue 
protein 
loss (nm 
total 
urinary 
NX 
6JS) 

X 

'5 

i 

e 

O, 

j 






b 

•4 

Weech, Goettsch, 

Low protem — 

Assumed l/20th 

Not 

Not 

0 04 

and Reeves (2) 

carrot diet 30 

of body weight 

recorded 

recorded 

(appnm- 


days 




mate) 

Holman, Mahoney, 

Glucose by ga- 

Directly deter- 

11 9 

292* 

0 04 

and Whipple (4) 
Dog 22-131 

vage for 24 days 

mmed (dye) 





Madden el a/ (5) 

Fasted 1 wk. 

Directly deter- 

3 28 

82 6 

0 04 

Dog 39-223 


mmed (dye) 





Madden el ol (5) 

Fasted 1 wk. 

Directly deter- 

S 14 

101 25 

0 05 

Dog 39-234 


mmed (dye) 





Present data 

Low protem diet 

Assumed l/20th 

5 28 
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0 03 


for 21 days 

of body weight 
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0 04 
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tbjue protein 
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In this paper we shall present evidence indicating that such a constant rcla 
tionship between the total circulating serum albumin and the tissue proteins 
does exist under conditions of inadequate protein mtake, and that m dogs at 
least the value for X is m the neighborhood of 0 04 Indeed, there ore reasons 
for beheving that the same equation apphes to the distribution of mtrogen 
intake during replenishment of the depletion 

Although no previous studies could be found devoted to the topic of this communica 
tlon data of several workers have been used in calculations which seem to confirm the 
thesis presented in this paper These calculations arc simple. Total scrum nlHnmm 
loss IS obtained by multiplying the plasma volume by the change in the concentration 
of scrum albumin nitrogen dunog the cxpcnmcntal penod. The loss m tissue protein 
was measured by determining the total negative mtrogen balance dunng the same 
period. By comparing these two figures of mtrogen loss the proportion of total 
mtrogen loss was obtained which could be accounted for by the serum albumm change. 
When the plasma volume was not actually determined, it was assumed to be one 
twentieth of the body weighL 

Wcech, Goettseb and Reeves (2) noted that about 4 per cent of the nitrogen lost 
by dogs on a low protem diet could be accounted for by the dedme m total ctrcnlating 
serum olbamm Calculations made of the data presented m the papers of Holman 
Mahoney and ^Vhlpple (4) and of Madden Zddis Hengerer bliller Rowe, Turner, 
and Whipple (5) showed a decline m the total arculatmg albumin of fasted dogs which 
also represented about 4 per cent of the total mtrogen lost It was mterestmg to note 
that the percentage was reached if one calculated in the same wa> data obtained 
while rcgencratioa of scrum albumin was produced by feeding protein. Dunng the 
correction by protem ahmentation m experimentally induced hypoprotememia of 
dogs, K.lman Sachar Horvitx, and Wolf (6) found that only about 4 per cent of the 
nitrogen which the dogs retained could be accounted for by the increase of serum 
nThiimin thus produced. These previous observations arc summarized m Table L 

FKESENT OBSE&VAJIONS 

Five dogs were placed on a protein-poor diet containmg karo 8>Tup Ringer's 
solution and a vitamm B complex concentrate for 3 weeks. A constant mtake was 
achieved by feeding the dogs by gavage twice daily a solution prepared as follows 
200 gm. of a vitamm B complex concentrate (labco)’ and 5 000 gm. of karo syrup were 
made up to 10 000 cc. with 4 tunes concentrated Ringer's solution Each feedmg 
consisted of enough of this stock solution to provide 25 calones per kilo body weight 
».a, 12 J caper kfio diluted 4 times with water and given by gavage. The total daily 
energy mtake was therefore 50 calones per kilo 

Plasma wlbnintn determinations and concomitant mtrogen balance studies were 
carried out while the dogs were on the diet described above The chemical and 
experimental procedures have been descnlied In a previous paper (6) 

• Obtained from the Borden Company Balnbndge, New York. 
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EXPERIMENTAL FINDINGS 

The results of the present experiments are tabulated m Table IT and are 
really self-explanatory In brief they show that of the total mtrogen lost by 
the dogs durmg 3 weeks on a low protem diet, a relatively small but constant 
percentage averagmg about 3 per cent, represented the fall m serum albumin- 
The calculations employed were those previously described The value foimd 
m these experiments compares fairly well with those derived from the hterature 
as tabulated m Table L 


TABLE n 


QuantiUUivt Rdatton {K) between Told Tissue Protein Loss and Serum Albumin Loss during 
3 Weeks of a Protein-free Diet (Plasma Volume Assumed to be l/20th of Body Weight) 


Dog 

Lou in 
body wei^t 

Fall in urum 
albumin con 
centra tion 

Lots in 
total serum 
aXbomiQ 

Lou in total I 
tissue pro* 
tdn Csm. 
total unxLary 
N X6^) 

^ loti total lemm albumm 

iou total tissue protein 


m 

f m Per utU 

gtn 



ZIO 


1 82 

9 5 

199 

0 047 

Z24 


0 89 

4 3 

182 

0 024 

Z14 

0 6 

0 59 

2 7 

135 

0 020 

T56 

1 8 

0 69 

6 S 

237 

0 027 

T67 

0 7 

0 81 

3 4 

129 

1 0 026 

Averages. j 

1 04 

0 96 

5 28 

176 

0 030 


DISCUSSION 

On the basis of the evidence presented (both our own observations as well 
as those of others) an hypothesis is offered that a relatively constant relation- 
ship (about 25 or 30 to 1) exists between dietary mduced changes m the total 
tissue protem and changes m the total circulatmg serum albumm In other 
words, loss (or gam) of tissue protem and of serum albumm caused by diet 
parallel each other This conception is based on the existence of a fixed parti- 
tion between tissue protem and serum albumm, i e , loss or gam m one is accom- 
pamed by a proportional loss or gam m the other Thus this hypothesis demes 
the existence of “deposit protem” or of reserves of protem which became avail- 
able durmg dietary deficiencies (When loss of serum albumm occurs m other 
ways such as hemorrhage, bums, etc , another situation exists which presents 
other mechanisms ) 

It would seem that the existence of such a parallelism between serum albumm 
and tissue protems makes it possible to detect the presence and extent of a 
tissue protem defiaency simply by deter m i nin g the amount of serum albumm 
Smce It IS also probable that the same parallelism, or biological partition. 
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exists in the process of replenishment of depleted tissue protein and scrum 
albu m i n , such information may be of practical value m calculating the amount 
of protein which must be fed m order to overcome the deficiency 
If this idea is correct it is possible, as stated previously, to develop a formula 
by which the total protein loss may be calculated, if the serum albu min concen 
tration is known Let the scrum albumin tissue protem pmrnll^Hmt be reprc” 

u XL x_ Scrum olbuioin depletion hi grams ^ _ 

sented by the equation ■■ JC The scrum 

Tissue protem depletion m grama 

albumin depletion m grams will be equal to the normal serum albumm concen 
tiation (2) of dogs (3 6 gOL) mmua the observed scrum albumin concentration 
(S A ) times the plasma volume (P V ) When the albumin concentration is 
given m terms of grams per 100 cc. of serum, the plasma volume should be the 
number of 100 cc, of plasma present. This figure for the plasma volume is 
obtamed by direct dye determination or estimated by dividmg the normal bocly 
weight m kilos by 20 and multiplymg this figure by 10 Stated again 
Serum ho twin dCpletloa (grams) 

/, , , , r, . (bodywdght In kilos XlO) 

m (3^ — observed albomin concentration SA.) — — ” 

20 


Inasmuch os K (Table I) is approximately 0 01, one obtains by substitutuig 
our first equation 


(3 6 — SA) (body wdgbt in klUx) (10) 
(20) (tissue protein depletion la gm.) 


0.04 or dmpUfjfiig, tneue protdn 


deplefion lagm — (3 6--'SA) (nonnal body In IcQos) (125) 


The rdationriiip of 1 to 25 (or 30, ».e iC « 0 04 or 0 03) between scrum albu 
mm loss and tissue protein loss was compared with the available data on the 
relative amounts of each in the mtact human body The amount of serum 
albumin is easily estimated as Ifil gm (3500 X 4 6) Let us assume that nearly 
ail tissue protein is muscle, from Vierordt (7) the weight of the musdes m an 
average adult is about 28 kiloa of which 1/5 is protein or 5600 gm Of course 
only the parenchyma of the muscle tissue is lost during starvation so that the 
active protein tissue is less than this. Ncverthclesa 5600 gm. is but slightly 
more tbnn 30 times the amount of serum olbumm. It seems not unlikely that 
the relationship for K may be the same as the relative masses of these two 
protein compartments of the body 

(3crtam obvious limitations of the hypothesis here formulated must be 
i»TT>pV»n^wt It apphes only when the tissue proteins and scrum albumin are 
altered as a result of diet It cannot be expected to hold in cases of hypo- 
protelnemia due to blood loss, bums, nephrosis, or hver disease. Another 
factor is also important, m depleted patients the measurement of scmiQ 
Hlh i^mm concentratooE may not accurately measure the degree of hypoalbu- 
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mmerma if the normal plasma volume shnnl^s For example, if the patient 
IS dehydrated, the resultant hemoconcentration produces a nse m the value of 
serum albunun and minimizes or even masks completely the existence of the 
deficiency This masking effect of dehydration was pomted out clearly by 
Peters and his coworkers (8) m 1925 It is probable that the persistence of 
more or less normal plasma albunun concentrations, noted by several observers, 
m animals placed on certain low protem diets or fasted is the result of such 
hemoconcentration Indeed, this phenomenon was noted m experiments on 
fastmg dogs performed m this laboratory (9) 

Although the present data are confined to dogs, there is no reason to beheve 
that a similar relationship does not hold true for human bemgs There are m 
the hterature but few data of the sort herem discussed i/k rough calculation of 
the data of Bnickman, DTlsopo, and Peters (12) who measured the serum 
albunun concentration and made concomitant mtrogen balance studies of a 
malnourished mdividual durmg a period of replenishment mdicates a value for 
K of about 0 02 Nevertheless if we assume that the value for K for humans 
IS the same as for dogs, and accept as the normal serum albumin concentration 
the lower himt, 4 6 gm per cent, given by Hawk and Bergheun (10) the equa- 
tion descnbmg the protem depletion of a malnourished human is grams protem 
depletion =(46 — S^) (normal body weight m kilos) (12 5) 

The practical apphcation of the conception herem presented concerns to a 
large extent the problem of replenishment of chrome protem defiaenaes which 
are of frequent clmical occurrence For example, a patient whose body weight 
m health is 60 kilns and whose serum alb umin is 3 6 gm per cent would be 
deficient by (4 6 — 3 6) (60) (12 5) = 756 gm protem If such a patient re- 
tamed but half of the mtrogen consumed, he would reqiure twice 756 gm or 
1512 gm Thus a period of over 2 weeks on a diet providmg 100 gm protem 
per day would be required to reach this amount To this must be added the 
requuements for endogenous mtrogen metabohsm which would be at least 
4 X 6 25 or 26 gm per day Viewed m this way the therapeutic problem 
presented by a protem-deficient patient is largely a quantitative one, only by 
givmg a large amount of protem can it be solved This is particularly difficult 
when the mtrogen-contammg nutriment must be given mtravenously or 
parenterally or when but a short period of time is available for correction 
The immense quantities of protem required make the use of human plasma or 
serum transfusions for this purpose an altogether impracbcal procedure at least 
m severely depleted patients The most promismg approach at present is the 
use of hydrolyzed protem of high biological value (6, 11) 

SUMIIASY 

In five dogs placed on a protem-poor diet, for 3 weeks, the dechne m total 
cuculatmg plasma albumm was a small (3 per cent) but relatively constant 
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part of the total mtrogeo lost These data together with observations on dogs 
by others indicate that there is a constant relationship or partition in the loss 
(or gam) between plasma albumin and total body protem mduced by diet 
Based on this relationship a formula is developed for eathnatmg the degree of 
total tissue protem defiacncy from the value of the scrum albumm concentra 
tion alone. This formula would also apply to the replenishment of protem 
dcfiaenaes of dietary ongm and it mdicates that for every gram of mcrease 
in scrum nlhnmm desired about 30 gm mutt be retamed for increases m other 
proteins of the body 
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STUDIES ON HYPOALBUMINEMIA PRODUCED BY 
PROTEIN DEFICIENT DIETS 

n Rapid CoMEcnoN op Hypoalbumineiiia with an ad 
Li bj. ' 1 'ou Meat Diet* 

By ROBERT ELMAN, MJD*, FRANK A. BROWN Jh, ai© HARRIET WOLF 
{Prom tko Deparlmut of Surgery^ Wasktnt^on Untocrstiy ScMocl of Medtctne,<tnd 
Bcrrui HosPtUil, St Louu JJusoun) 

(Received for pabUcatiOD, January 23, 1942) 

Ite practical problem of reatormg protein deficiency induced by diet hna 
been studied experimentally by Weech (1) and his coworkera who found a 
definite regeneration (in the following order of efficacy) when beef serum, egg 
white, meat, hver, or casern was added to the diet of dogs For example, after 
a 3 week depletion period, these workers observed an almost complete return 
to normal when 5 gm per kilo per day of beef chuck was added to the diet for 
10 days. This was about twice the rate of regeneration in other experiments 
in which half tlus amount of meat was given. 

In surgical and other patients suffering from hypoprotcinemia of dietary 
ongm restoration of serum protem must often be achieved in a relatively short 
period of time. It has seemed important, therefore, to detenmne how fast the 
serum protein can be restored to normal when much larger amounts of protein 
arc given. This was the purpose of the present experiment 

Ueihodj 

Five dogs were fasted for 3 weeks however, they were aUowed water ad ISnitm 
and some of tbem were given Ringer’s solution by gavage. At the end of 3 weeks 
they were started on the regcneratioa diet which consisted solely of raw lean horse 
meat given ad libtltem sufficient meat was offered so that tome of it was left at 
the end of each 24 hour period- This was then subtracted from the total to record 
the amount actually eaten. 

Tecknual Ifclhods — Hematoents were determined on heparimxed blood. Fhunia 
protcini were then determined and fractionated by methods already described (2) 
The blood volume was by iwmg the Evan’s blue dye T 1284 according to 

a sunpUEed technique as follows 

The method for the detenrunation of plssma volume m dogs was adapted from that 
described by Gibson and Evelyn (3) The mam difference was the use of the Klett 

* Aided by a grant from Johnson and Co. Evansville, T n di s n a. 
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photodectnc colonmeter instead of the Evelyn apparatus employed by these workers 
Many of these details were worked out m the Department of Physiology of the Wash- 
mgton Umversity Medical School, and the authors are mdebted to Miss Rolf for her 
help m applymg them to our purposes 

An inibal heparinized blood sample was first obtamed Through the same needle 
a 200 mg per cent sahne suspension of Evans blue was mjected, the total dose bemg 
1 mg of dye per kJo of body weight To insure the accurate mtroduction of the 
calculated amount of dye a 3 way-stop>-cock and an 18 mch rubber tubmg of small 
diameter connected with a syrmge barrel was employed After the mitial blood 
sample was drawn sahne was allowed to flow by gravity from the syrmge barrel mto 
the dog^s vem to test the position of the needle m the vem This assured, the dye 
solution was added by pipette under the surface of the sahne solution Toward the 
end of the mjection small pwrtions of sahne were added to wash the last remnants of 
dye from the tubmg mto the vem The imtial time of mmng (zero pmmt) was con- 
sidered to be the time of the first sahne washmgs 

Samples of heparinized blood for dye estimation were taken subsequently at 
recorded mtervals of approximately 15, 25, and 35 rmnutes from the mitial (zero) 
tune AH blood samples were centrifuged for 30 mmutes at 3000 a v u. 1 cc of 
plasma from each of the 4 samples was measured mto test tubes and 5 cc. of sahne 
added. After the contents of the tubes were mixed, readmgs were immediately made 
on the Edett photodectnc colonmeter usmg 620 and 540 filters, the two filters are 
used to correct for any hemolysis present m the dye samples The blank dye-free 
plasma was set at zero The correct R for each sample was calculated accordmg to 
the formula which is nearly the same as that used by Gibson and Evdyn (3) 

„ X 20 - (2?mo) 

i?5 

The corrected R values for each of the 3 samples were then plotted agamst time and a 
hne was drawn through these pomts and earned back to zero 

The concentration of dye (as mg per cc.) for the R at zero tune was read off a 
previously prepared graph which established the relationship between R and the 
concentration of dye This graph was made by settmg up several senes of tubes 
each conta inin g a known amount of dye and 1 cc of plasma, made up to 6 cc with 
sahne. Because we found such ddute solutions of Evans blue to be unstable, a 
fresh 1 mg per cent s alin e solution was made from the 200 mg per cent dye solution 
each tune a senes was to be read A straight hne always resulted at least m the range 
of dye concentration used m our experiments 

The plasma volume m cubic centimeters was then calculated by dividmg the 
miUigrams of dye mjected by the milhgrams of dye present m 1 cc of plasma at zero 
tune 


FINDINGS AND COMMENTS 

The mam results of the experiment are recorded m Table I, which shows that 
after a 3 weeks fast the ad hhttuin meat diet resulted m a complete regeneration 
m 1 week of both the concentration of serum albumm and the total amount 
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thereof. Indeed the total cumulating albunun mcreased well above normal, 
although this was undoubtedly a reflection of the mcreased plasma volume 
which accompanied the fall m ted cell volume (hematocnt) There was very 
bttle further mcrease m the albunun durmg the 2nd week of the regeneration 
penod. The fall m body weight and its subsequent nse, though a bttle more 
pronounced, roughly paralleled the behavior of the serum albunun The red 
cell volume decreased but slightly durmg the fast, durmg the regeneration 
period it fell markedly, a reflcctlan of the tremendous increase m the plasma 


TABLE I 

Ckania dunnf aSWeti Fait aad dunni 2 We*Ju cif an od LibiUtm Ifeai Diai 



* EstkoAted, 

Abbreviadans wt, body wdgbt hematocrit alb. plasma albomin glob., pl at m s 

globulin T A. total pUsma albumin. 


volume. The serum globulin, unchanged during the fast and for the 1st week 
of the regeneration penod showed a pronounced mcrease m the 2nd week 

The amount of meat mgested by the animals was surpnsm^y large and 
averaged 250 gm per Hin per day, t .£ , the dogs consumed one-fourth of their 
body weight day Inasmuch as meat is composed of one-fifth protem the 
acttial protem intake was 50 gm per kflo of body wei^t per day It was 
inter eating to note that tbm large amount was eaten even durmg the last da 3 rs 
of the experiment, when body weight and serum protem had returned to 
normal. 

These findings indicate first, the ticmemlous amount of protem which a 
depleted dog will mgest, and second, the rapidity with which such a high pro- 
tem intake wfll lead to a complete correction of hypoprotcmcmia induced by a 
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3 weeks fast. The practical inference is obvious and points the way toward 
rapid rehef of clinical hypoproteinemia by the administration of suffiaent 
protem This is suggested in the accompanymg study from this laboratory 
(2) m which a partition of about 30 to 1 was found m the distribution of dietary 
mtrogen loss or gam between tissue and serum proteins respectively, m other 
words evidence was presented showmg that the body tissues wiU take up 30 
gm of mtrogen for every gram which goes to the regeneration of serum protein. 
This explains why large amounts of protem are needed to correct hypopro- 
tememia The present findmgs are corroborative m that they mdicate that 
if the protem mtake is unusually large (m this case SO gm per kilo per day) 
regeneration of serum proteins will be complete withm a week We have no 
data as to whether this return to normal might not have occurred withm a few 
days However, a contmuation of the high protem mtake, t e durmg the 2nd 
week did not raise the albumin level any further though for some reason it did 
instigate an mcrease of the globulin fraction durmg this last period 
The failure of the red cells to regenerate as shown by the fall m the hemato- 
crit IS not surpnsmg m view of the well known fact that restoration of red cells 
requires a number of weeks From the practical pomt of view this is not a 
senous defiaency inasmuch as the important clmical manifestations of protem 
depletion are concerned with the plasma and not with the erythrocyte portion 
of the blood The maease m the plasma volume durmg the regeneration 
period (from an average of 748 to 897 cc durmg the 4th week) was probably 
the reason for the particularly pronounced fall m the red cell volume durmg 
this time 


SUMMAKY 

Serum albumm depletion, mduced by a 3 weeks fast, was completely cor- 
rected withm 1 week by the mgestion of a diet consistmg solely of meat admm- 
istered ad Itbtium The average protem mtake was 50 gm per kilo of body 
weight per day A 2nd week of the same diet produced no further mcrease m 
serum albumm though it did lead to an mcrease m the globuhn fraction 
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The pathogenesis of local tetanus ha* been the subject of much dispute. 
Until recently, the moat generally accepted view was that of Mane and Moral 
(1902) and Meyer and Ransom (1902-03) They believed that local tetanus 
13 the result of the action of tetanus tAnp on the antenor horn cells of the 
^mal cord, the tonn reaching the central nervous system by way of the 
axons of the motor nerves On the other hand, Vaillard and Vincent (1891) 
and ZupnlL (1905) held that local tetanus is the result of the action of the 
toim durcctly on the muscle, and that the toun reaches the central nervous 
system through the blood stream rather than along penphexal axons, causing 
there generaliEed rather than local tetanus 
No one doubts the susceptibility of the central nervous ^tem to tetanus 
toxin. If toxm is injected directly into the spinal cord in small amounts, a 
typical local tetanus may result (FrdhUch and Meyer, 1915) The question 
then remains whether local tetanus following rntramuscular mjection of small 
amounts of toxm is due to the action of the toxm on the segments of the 
spinal cord which innervate the site of injection, or on some penpheral struc 
tore If the former is true, it remains to be demonstrated how the toxin 
reaches the spinal cord. 

In addition to the immunologic evidence for the nerve transport of tetanus 
toxm recently reviewed by Fnedemann, Hollander and Tarlov (1941), cer- 
tain other expenments have supported theory Counnont and Doyon 
(1894) injected tetanus toxm mto the right hmd paw of a dog IVhen the 
animal developed stiflhiess Umitpd to the right hmd leg, they cut the 
spinal cord at the umon of the lumbar and thoracic levels and sectioned all 
the dorsal roots. Stimulation of the dorsal roots with an mductonum was 
now effective m ptoduemg a reflex contraction with a current strength on 
the tetamc side one-fourth that necessary on the normal side. After removal 
of the spinal cord, stunulation of the ventral roots was effective at the same 
strength of stimulus on both sides. They therefore concluded that the action 
of the toxin is not on the peripheral motor elements of the reflex arc and must 
be either on the sensory nerves or on the spmal cord 
An expenment reported by Sherrington (1905) further clarifies the situation 
465 
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potential of A fibers following a single stunulus was equal on the right and left 
By mcreasmg the amplification proportionally on the two sides, comparable records 
could be obtamed at higher amplification 

RESULTS 

(а) The Musctdar Response — ^The ammal with well developed local tetanus 
exhibits a striking picture suggestive of reflex hyperactivity A weak stimulus 
to the affected limb produces a vigorous mcrease m the extension of the hmb 
This type of response might depend upon any or all of a vanety of factors 
For example, long lasting repetitive responses of the nerves, myoneural junc- 
tions, or muscles, to smgle stunuh, could account for it, mdependent of any 
change m the spmal mechamsms The experiments of this and the succeedmg 
section were designed to test this possibihty 

The augmented response of the tetamc leg to a weak stimulus, described 
above, was studied m a senes of cats by recordmg the electnc and mechamcal 
responses of the calf muscles The stimulus used was either a sudden tap 
on the Achilles tendon or a shock to the sciatic nerve The difference between 
the tetamc and the control legs was apparent, as can be seen m Fig 1, where 
A and B represent the tetamc side and D and E represent the control The 
mcreased mechamcal response of the tetamc leg is accompamed by a fusillade 
of muscle action potentials 

If this augmented response depended upon an altered response of the motor 
nerve or of the muscle, the difference between the sides should persist after 
section of the saatic nerve central to the stimulatmg electrodes As may be 
seen m Fig 1, C and F, when this was done the electromyograms of the hvo 
sides were mdistmguishable and the mechanograms differed only in amphtude 

The augmented response of the leg with local tetanus does not depend, 
therefore, upon a change at the myoneural junction, m the muscle, or m the 
motor nerve This is m agreement with the experiments of Courmont and 
Doyon (1894) and others Repetitive responses of the muscle to smgle stimuh 
apphed to the cut motor nerve, as described by Harvey (1939), were not 
observed by us Differences m techmque may account for the differences m 
result Although our experiments do not exclude changes m the muscle due 
to tetanus toxm, muscular changes do not explam the phenomena described 

(б) The Peripheral Nerve — The foUowmg experiments demonstrate that the 
augmented response after a smgle exatation of the saatic nerve, descnbed 
above, is not due to repetitive activity of either the motor or the sensory com- 
ponents of the nerve trunk 

After section of the posterior tibial and peroneal nerves m the pophteal 
space, recordmg electrodes were placed on the branch of the postenor tibial 
nerve which innervates the lateral head of the gastrocnemius muscle, the por- 
tion of the nerve under the distal electrodes was crushed m order to secure 
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tic 1 Till, augmnltnl risiionn. o( the tetanic le« and Us dc|«.ml<rn li rl 

arc. Mechanical and clcctnc records Iron) the call mu-clcs id a cat vuth i il t ral hk 
tetanus 4 daes alter injection of I HI cat il UD of toiin The ejima! ri lad tie 
•ectmned at the level of the Idth thoraac eertehra 1 hours before ihi r cm 1 i ri lalii 
In each record the uppermost hne is the ele'ctrocrani taLen from neaidlt elii tr *d oe in I 
hell) of the muscles the other at the anLle The second fine u the raechan ai am il Urn 
valh an optical fnctionle*Si lomion spnnR mvograph The peak of laeh eojuritlnn cui 
ohscures part of the corrcspondint, imtiaf edeclrogram The Iwttom lim i a time mi 
markmR intervals of 1 second 

A Responses on the tetanic side to ta|is on the \chilles tendon 

B Responses on the tetanic side to brief cundenseT discharges appliirl t > the iiiUet ecu 
nerve at the hip 

C Rc^ponsea on the tetanic shIc as m U after CAXtiun of the ^tic ncr^c ctnUal to 1 
stimulating tlcctrodea. 

D E andF The same a* A U and C resi»cct)''<J' on the unaffected ^dc 

monophaaic records. StiniulaUng cfcctrodes uere placed on the sciatic nerve 
at the hip The nerve was cut central to tlie stimulaUng electrodes and 
excited with ma,ximal brief condenser discharges 
Of 14 animals studied, 10 shotted no repcUtivc response RepetrUve re 
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spouses of equal degree were present on both sides m one instance, in two 
others there was a repetitive response limited to the side with local tetanus, 
and in one, there was a repetitive response on each side, but predominantly 
on the side with local tetanus 

The excitabihty of the branch of the postenor tibial nerve to the lateral 
head of the gastrocnemius muscle was studied m situ in 8 ammals with the 
preparation described above Strength-duration curves were determined by 
the method of Hill (1936) There was no significant variation in either the 
rheobase or the time constant between the nerve of the tetamc and that of the 
unaffected leg 

The amphtudes of the maximal action potential of the A fibers of the nerve 
to the gastrocnemius muscle of the tetamc and control sides were compared in 
22 animals In 12, the spike amplitude of the tetanic side exceeded that of 
the control, m 6 there was less than 10 per cent difference between the two 
sides, and in 4, the spike of the control exceeded that of the tetanic side Dif- 
ferences in the degree of shunt around the nerve and recording electrodes may 
account in part for the difference in the spike amplitude observed 

Thus occasionally there may be changes in the peripheral nerve in local 
tetanus Yet the typical responses of local tetanus were present in many 
experiments in which repetitive response to smgle stunuh did not occur in the 
peripheral nerves In every instance in which repetition was demonstrated 
m the peripheral nerve by the technique outlmed above, the presence of the 
abnormal response was obvious before the special tests were made In order 
to avoid confusion of peripheral and central effects, the expenments of the 
succeeding sections relate to animals in which there was electrographic evi- 
dence that the sciatic nerve, when severed from the central nervous system, 
did not resjxind repetitively to single stimuli 

(c) Changes m the Spinal Cord — Since the augmented activity of the calf 
muscles associated with local tetanus is, as demonstrated above, independent 
of changes m the muscle, neuromuscular junction, and peripheral nerve, its 
origin must by exclusion be either in the dorsal root ganglia or in the spmal 
cord The following experiments were devised to study these possibilities 

The spinal cord of 18 cats with local tetanus lirmted to one hmd leg was 
sectioned either at the first, or more frequently the 12th thoracic level Stimu- 
latmg electrodes were placed on the sciatic nerves at the hip, and the peroneal 
and posterior tibial nerves, the nerves to the biceps femoris and hamstrmg 
muscles, and in some instances the femoral nerves were sectioned Recording 
electrodes were placed on the central end of the divided branch of the poste- 
rior tibial nerve which innervates the lateral head of the gastrocnemius muscle, 
the portion of the nerx^e under the distal electrode was crushed in order to 
secure monophasic records 

The electrograms obtained from this preparation on stimulating the ipsi- 
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blcral sciatic nerve differ stnkmgly on the tetanic as compared to the control 
side A single suong condenser dischai^;e is followed b> 1 negative waves 
The 1st of these is similar on the two sides and represents the \oUe> of impulses 
initiated by the stimulus at the hip and descendmg the ner>e The 2nd 
wave begins to 4 milliseconds after the stimulus- Since it is abolished 
by section of tlie sciatic nen.c central to the stimulating electrfxies it may be 
called the early reflex response This wave is small m tompanson to the 
amphtude of the 1st wa\e resulting from maximal acU\it} of the \ fibers of 
the nerve. If the strength of stimulus is increased from subthreshold to 
supramaximal \ alues by steps, the earl> reflex response undergoes a senes of 
changes it increases in amphtude until it reaches a maximum at a strength of 
stimulus still submaxmial as judged by the amplitude of tlie 1 si u av e and then 
decreases with stronger stimuli The earl> reflex respunsc re>embles the s 
wave descnTied b> Renshaw (1940) m the reflex responses trom \cntral roots 

If the sciatic ner\e is stimulated rcpctitiveU at a frequent) ot 4 to 8 per 
second, the early reflex response undergoes a decrease in amplitude which 
may be interpreted as either fatigue or inhibition This detn ise is regularly 
less pronounced on the side which is subject to local tetanus than on the 
control side Fig 2 lUustrates this difference In other respects the early 
reflex response is sunilar on the two sides 

About 7 to 11 milliseconds after the stimulus a 3rd wave occurs Like the 
2nd wave, this disappears on section of the sciatic nerve central to the iimu 
latlng electrodes and hence raa> be called the late reflex responsu It is 
irregular m form on both the tetanic and the control sides but more stnkmgly 
so on the tetanic It probably represents the fusion of the responses of se\cral 
groups of neurons firing asynchronously over a penod of 6 to 16 miliiseconds 
This wave starts earher, lasts longer and is usually of greater amplitude on 
the tetanic than on the normal side, as may be seen m Fig 3 Exceptionally 
the amphtude of the late reflex response of the tetanic aide is no greater than 
that of the control 

If the saatic nerve is stimulated at the rale of 4 to 8 shocks per second 
the amplitude of the late reflex response on the control side either diminishes 
or remains unchanged The some procedure on the tetanic side usually leads 
to an increase m the amplitude of the late reflex response The latency of 
this response usually shortens with repetitive stiraulaUon almost invariably 
more on the tetamc than on the control side (Fig 3) 

If the response is exammed with high amplificauon and with the coupimg 
condensers of the amplifiers arranged most favorably to record acUMt) of 
high frequency considerably more after-discharge is seen to follow the ^ 
waves described on the tetamc side than on the control Exceptionally the 
tivo Bides showed no difference m this respect Repetitive stimulation at 
4 to 8 shocks per second mvanably results m an maease of the amplitude 
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and often of the duration of the after-discharge on the tetanic side, which 
may last as long as 3 seconds after the final stunulus This is m sharp con- 


A B 



Fig 2 Greater decrease of the early reflex response to repetitive stimulation on 
the control side Electrograms from the nerve supphing the lateral head of the 
gastrocnemius muscle, 3 dajs after injection of 1/100 cat ii l d of tetanus toxin 
into the nght calf, in a cat in w hich the de\ elopment of sj'mptoms of local tetanus 
was prevented by extensive denervation of the legs 19 hours after the injection 

\ Response of the nerv'es of the tetanic side to 8 stimuli per second to the sciatic 
nerv'e at an intensitv which produces a maximal amplitude of the 2nd wave 
B The same as \ on the unaffected side 

trast to the electrogram of the control leg, m w hich summation is uncommon 
and nevmr as great as may be seen in the injected leg Fig 4 illustrates the 
after-discharge on the tw o sides of an animal w ith local tetanus 

Tetanus toxin injected into the calf muscles therefore produces a clearly 
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Fig 3 Difl’crcnccs ja the klc rcdtx response of tetanic and control ttn 

grams from the nerve suppl>nng the lateral head of the gaslrocnermus mu<i 4 da\ 
after mjecUoQ of 1/100 cat tLi-D of tetnnua toim into the nght calf m a cal in w hich 
the desdopment of symptoms of local tetanus was prc\ented bv cxtinsiM di.ncr\a 
Uon of the Ic^ 18 hours after the mjection 

■X Upper picture response on the tetanic side to a single strong stimulus to thi 
sciatic nenc. The 3 wa\cs described in the tcit arc shown from left to right Mid 
die picture response to the last of 8 stunuli ddi\crcd within 1 second showing 
summation and change of latcnci of the Lite rcJlex response and decline of the 
carl) reflex response Loiitr picture time signal each cycle repn.'sents 2 mill) 
seconds 

li The same as A on the unaffected side Then, is no summation in the late 
reflex response and the dedme of the early reflex response is more raarLcd than on 
the tetanic side 

recognizable alteration in. the pattern of nerve impulses which are discharged 
by the spinal cord in response to a stimulus applied to the sciatic nerve, 

(0 Effat of Seclioit of Dorsal Roots on Electrogram of N are —Three further 
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possible mechanisms might explam the augmented response of the tetanic 
leg It might be due to an altered state of the spinal cord itself, or of the 
dorsal root ganghon, or to a change m the activity of penpheral sensory 
mechanisms The latter two possibihties were tested m the following experi- 



Fig 4 \ugmented after-discharge on the tetanic side Electrograms from the 
nene nhich mnervates the lateral head of the gastrocnemius muscle, foUoising 
stimulation of the 7th lumbar dorsal root, m a cat with unilateral local tetanus 9 
da\ s after injection of 1 /75 n l n of tetanus to\m The spinal cord had been sec- 
tioned at the level of the 12th thoracic vertebra 5 hours before the records were 
taken, and all the dorsal roots below this level cut bilaterally These records were 
taken at high amplification, wnth the couphng condensers arranged to emphasize 
asynchronous discharge of the nerve 

A Electrogram of the affected side upon repetitive stimulation of the sciatic 
nerve 

B The same as A. on the unaffected side 

ments by complete deafferentation of the spinal cord by section of the dorsal 
roots central to the dorsal root gangha 

The effect of section of the dorsal roots was studied m 11 cats with tetanus 
limited to one leg The spinal cord was sectioned under ether anesthesia at 
the level of the 12th thoracic vertebra, and the lamina of the lumbar vertebrae 
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removed The ammal was then allowed to recover from the effects of the 
anesthesia, and was symmetncallj fixed as in earlier experiments Stimu 
lating electrodes were then placed bilaterally upon the scmtic nerve and record 
mg electrodes on the nerve to the lateral head of the gastrocnemius muscle 
In each case the presence of tetanus Umited to one leg was corihrmed b> record 


A B 



Fig S RcOex response to doml root stimulation Electrograms from tii nerve 
which inncrvTitcs the lateral head of the gastrocnemius muscle following stimalaUon 
of the 6th lumbar dorsal root m a cat with unilateral local tetanus 7 da after 
mjection of 1/75 cat u ud of toxm Five hours before the records iverc taken the 
spinal cord was cut at the level of the 12th thoraac vertebra All the dor^l roots 
below this level were sectioned bilaterall> The vertical lines at the left of the pic 
tures represent the rebUve heights of the maximal spikes of the A fibers of the re 
specUve nerves the amplitude of the response of the unaffected side must therefore 
be doubled to compare it with that of the tetamc side. 

A. Upper Unc electrogram from the ncnc of the injected leg after a single strong 
stimulus to the dorsal root Low cr Imc tunc signal each cycle represents 2 irulli 
seconds. 

B The same as A on the unaffected side. In this experiment the carl) reflex 
response was greater on the control than on the tetanic side The late reflex re 
sponse showed the usual predommance on the tetanic side 

mg the electnc response of the nerve supplymg the gastrocnemius on stimula 
tion of the saatic nerve Four or 5 hours after the section of the spmal cord 
the dura mater was laid open and the dorsal roots of the lumbosacral segments 
cut central to the dorsal root ganglia The cauda equma was sectioned at the 
upper border of the sacrum The dorsal roots were then stimulated through 
silver wire shielded electrodes stimulation at the 7th lumbar level was usually 
most effective 
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In 7 of 1 1 experiments, the condition of the spinal cord after this procedure 
seemed satisfactory as judged by tlie responses elicited by stimulating the 
dorsal roots In 2 of these 7, the responses of the left and right sides were 
equal In the remaining 5, the electrogram of the tetanic side showed the 
changes typical of local tetanus as outlined m Section (c) A single strong 
condenser shock evoked 2 negative waves, corresponding to the 2nd and 3rd 
waves, the reflex responses, seen following stimulation of the sciatic nerve 
In all 5 experiments, repetitive stimulation of the dorsal root of the tetanic 
side at the rate of 4 to 8 shocks per second resulted m little or no decline of 
the early reflex response, and an increase m the amplitude of the late reflex 
response When tlie corresponding dorsal root of the control side w as stimu- 
lated, the initial magnitude of the response was smaller (Fig 5), and after 
repeated stimulation there was either no change or a decrease m the magnitude 
of the late response In 4 of these 5 animals, repetitive stimulation of the 
dorsal root elicited an after-discharge lasting about 0 4 second on the mjected 
side when examined with high amplification as in earlier experiments (Fig 4) 
An after-discharge w as never seen in the nerves of the control side under similar 
conditions 

The origin of the augmented activity of the tetanic gastrocnemius muscle 
after stunulation of the sciatic nerve is therefore wnthin the spinal cord, and 
limited to the same side as the local tetanus 

(e) Effed of Denenalion after Injeclwn of Toxin on the Development of Local 
Tetanus in the Spinal Cord — It is conceivable tliat the changes in the spmal 
cord described above are dependent on changes m the peripheral structures 
For example, changes m the muscle following intramuscular injection of tetanus 
toxin might result in a prolonged continuous bombardment of the spmal cord 
by afferent impulses which might produce the observed changes This pos- 
sibihty can be excluded h)' sectioning the nerves of the mjected area before 
the appearance of local tetanus 

After the injection of 1/100 cat u L d of tetanus toxin into the gastrocnemius 
muscle neither the physical signs nor changes in the electrogram of nerve 
characteristic of local tetanus are present wnthin the first 24 hours The 
right calf muscles of 3 animals were injected with 1/100 cat m l d of tetanus 
toxin Eighteen to 20 hours later, at a time when none of these animals show'ed 
physical signs of tetanus, the following operations were performed bilaterally 
under ether anesthesia The femoral and obturator nerves W’ere cut m the 
groin, and the nerve to the hamstring muscles at the hip The popliteal 
space was cleared of fat, and all the branches of the peroneopophteal nerve 
were cut — namely, the nerve to the biceps femoris muscle, and the peroneal, 
posterior tibial, and sural nerves For later identification, a black silk suture 
was tied to the central end of the cut branch of the posterior tibial nerve which 
innerx'ates the lateral head of the gastrocnemius muscle Three, 4, and 5 days 



0 n ACHESON, 0 D aATNOIT, AJTO E B SCHOENBACH 


477 


after injection, when control cats injected at the same time with the same 
amount of toxm exhibited typical local tetanus, there were no signs of tetanus 
in the animals upon which operations had been performed The hips, knees, 
and ankles of the latter were flacad, and both upper legs were held abducted 
Under ether anesthesia the spinal cord was cut at the level of the 12th thoraac 
vertebra, after which the animals were permitted to recover from the effects 
of the anesthesia. On each side, stimulating electrodes were placed on the 
sciatic nerve and recordmg electrodes on the branch of the posterior fibint 
supplying the lateral head of the gastrocnemius The pattern of the electro- 
gram of the nerve to the gastrocnemius muscle of the mjccted leg agrees m 
all respects with that previously described for the nerve when the muscular 
picture of local tetanus is present. The electrogram of the control aide is 
likewise the same os that of the unmjected leg m nmmnU m which the innerva 
tion 13 mtact. Rgs 2 and 3, which have been used to illustrate the charac 
tensbe waves, are from animals m which the leg had been denervated 

In local tetanus, therefore, changes develop m the ^inal cord even though 
scebon of the peripheral nerves 18 to 20 hours after mjeebon of the toxin has 
prevented the appearance of the penpheral signs of local tetanus 

(/) Effect of Denervatton before Injection of Toxin on the Deodopment of Local 
Tetanus tn the Spinal Cord — The locaiuaboa of the spinal effects of mtra 
muscularly injected toxin to the region supplying the innervabon of the 
mjected area is difficult to explam unless the toxm reaches the cord by of way 
the nerve trunks In this case secUon of the nerve trunks supplying the area 
of injeebon before the mjeebon of the toxin should prevent the spinal effects. 
The following expenments were devised to test this. 

The procedure was the some os that described in the preceding seebon except 
that the seebon of nerve trunks was performed shortly before the mjeebon of 
the toxin. Three nnimala so prepared received 1/100 cat uij) of tetanus 
tnTin into the nght calf muscles Three, 4, and 5 days later none of the 
animnU showed Signs of local tetanus The spumi cord was cut under ether 
anesthesia and the electrograms from the nerves supplying the lateral head 
of the gastrocnemius were studied as m the previous seebons None of the 
changes charactensbc of local tetanus was present on cither side m these 
animnU 

The localized acbon of tetanus toxm on the spmal cord when the toxm is 
mjected mto the caif mufides can therefore be prevented by cutting the nervous 
pathways which connect the area of mjeebon with the cord. 

(g) Effea of Local Trauma on the Localtzaluni of Tetanus —It has been sug 
gested that the tetanus toxm reaches the central nervous system through the 
circulation, but that the trauma of mjeebon determmes its localizabon to that 
part of the spinal cord from which the innervabon of the site of mjeebon arises. 
In 5 cats, 0 4 cc of tetanus toxin which had been inactivated by boiling was 
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injected into the left calf muscles at the same tune that active toxm was mjected 
mto the muscles of the nght calf In no mstance did signs of local tetanus 
appear m the left leg, nor did oscillographic records from the nerves of the 
left leg 2 to 4 days after mjection reveal the changes characteristic of local 
tetanus The trauma of mjection, therefore, played no r61e m the localization 
of the tetanus Gumprecht (1895) excluded this possibihty m a more drastic 
fashion He mjected tetanus toxm mto the nght hmd leg and croton oil mto 
the left foreleg of mice Local tetanus appeared m the former but not the 
latter leg 


DISCUSSION 

The experiments reported m Sections (a) to (d) demonstrate that local 
tetanus m the cat resultmg from the mtramuscular mjection of toxm is asso- 
aated with a characteristic response ongmatmg m that region of the spmal 
cord from which the innervation of the mjected area arises The experiments 
of Section (e), m which the nerves of the legs were sectioned after the injection 
of toxm but before the appearance of any signs of tetanus demonstrate further 
that the change m the spmal cord is not dependent upon changes m the muscle 
or neuromuscular junction but represents an acbon of the tetanus toxm on 
the spinal cord itself 

How, then, does the toxm mjected mto the leg reach the correspondmg 
segment of the cord? If it were earned from the site of mjection to the spinal 
cord only through the blood stream, it is diffi cult to understand why its action 
IS limited to this small segment With the doses of toxm used the contra- 
lateral portion of the spmal cord at the same level remains unaffected The 
localization of tetanus is more understandable if the toxm be supposed to 
ascend the penpheral nerves to the spmal cord This view is supported by 
the experiments of Section (f), m which the action of the mtramuscularly 
mjected toxm on the spmal cord was prevented by section of the nerves of 
the leg before the mjection of the toxm This theory of the path of transport, 
as well as the logical steps leadmg up to it, were probably first proposed by 
Gumprecht (1894, 1895) The present observations establish facts which are 
adequately explamed by this theory and by none other yet advanced It may 
be concluded that m local tetanus the toxm is earned to the spmal cord by way 
of peripheral nerves 

The experiments reported give no hmt as to which element of the penpheral 
nerve may be the pathway of the toxm to the central nervous system Gum- 
precht beheved that the tissue spaces of Key and Retzius were the route 
Mane and Morax (1902) and Meyer and Ransom (1902) suggested that the 
ascent was through the axis cylinder itself 

Abel (1934, 1935, 1938) argued that the penpheral nerves cannot serve as 
pathways for chffusable substances to the central nervous system He ques- 
tioned the techmque of mvestigators who had reported the passage of dyes 
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up nerves to the spinnl cnn n J Perdrau (1937), however, used techniques 
free from the objections raised by Ahe], and confirmed the previous results 
He demonstrated that the central end of the cut sonUc nerve of anesthetized 
cats 13 capable of absorbmg dyes from solutions mto which the nerves are 
dipped, and that these dyes diffuse up the aaia cyhnder as far as the spmal 
cord at a rate sometimes as fast as a centimeter per hour Perdrau pomted 
out that the passage of substances through the ams cyhnder is compatible 
with de Renyi’s observation that the consistency of the ans cyhnder is that 
of a soft jelly 

The suggestion that tetanus toim reaches the central nervous system by way 
of the penpheral nerves is not unique Strong evidence mdicates that the 
viruses of the poliomyehtis (Bodian and Howe, 1941) and of rabies (di Vcstea 
and Zagan, 1889), for example, reach the central nervous system in this way 

SmiUARV 

Local tetanus limited to one leg was studied m cats after mtramuscular 
injection of tetanus toim 

I The electnc and mechanical response of the affected muscle after a single 
stimulus to the mtoct sensory motor nerve is greater m amphtude and duration 
than the response of the corresponding muscle of the unaffected leg (F ig 1) 

2. This augmented response of the muscle is associated with an augmented 
response snsmg from the ipsilateral portion of the spinal cord, while the contra- 
lateral part of the cord is unaffected, as demonstrated by electrogrnphic 
records from the motor nerves CFigs 2 to 5) 

3 The augmented muscular response is abolished when the reflex arc is 
broken, but the augmented response m the spinal cord is independent oi changes 
m the musde, the neuromuscular junction, the afferent and efferent penpheral 
nerves, and the dorsal root ganglia. 

4 The augmented spinal response develops in the absence of the peripheral 
signs of local tetanus. Hence the pathogenesis of the altered state m the 
spingl cord Is independent of the penpheral effects of the innn 

5 In local tetanus, therefore, the toxin mjected mtramuscularly acts selec 
tively upon the segments of the spmal cord which supply the mnervation of 
the mjected area. 

6, The augmented spinal response may be prevented by section of the nerve 
trunks supplying the area of mjection prior to the mjection of the in-An 

7 It is concluded that in local tetanus the toim is earned to the spmal cord 
by way of peripheral nerves. 
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COPPER AND COBALT 

RELATED HEMOGLOBIN PRODUCTION IN EXPERIMENTAL 
ANEMIA* 


By F S. ROBSCHETT ROBBINS, PhD , ahd G H. WHIPPLE, ILD 
(Front the Deparimeni of PoiAoZogy, The [Tnfocrttly of Rochester School of Medicine and 
Deniistry^ Rodicsiert Nao York) 

(Received for piibUcation, Febmaiy 2, 1942) 

Copper has been sho??n to have a defimte effect in anemias due to a milk diet 
(11) and we have indicated a probable effect in experimental anemia due to 
blood loss (12, 4) The erpenments below shmv the effect of vanous doses of 
copper alone and combmed with the standard dose of iron The hemoglobin 
production is somewhat irregular, suggestmg that larger doses of copper may 
at times inhibit hemoglobin production. 

Cobalt has been used by various investigators especially dunng the past ten 
years. Some that cobalt stimulates hemoglobm production (10) or 

that polycythemia can be produced m vanous animals by cobalt feeding (14, 3) 
Others find no defimte evidence that cobalt Influences hemogbbm production 
(1) Many of these conclusions are reviewed m a recent paper by Frost, 
Spitxer, Elvehjem, and Hart (6) 

Among other di^culdes, a deflnluoa of pdycythemus in dogs Is not satisfactory 
The polycythemia values ^ven In many papers for dogs come within the range which 
we coadder oonnaL The dogs used in this laboratory for years to test hemoglobin 
production m anemia due to blood loss are bred and raised m our kennels. Not of a 
pure strain, they are pretty uniform as to type — the white bull terrier strain pre- 
dominating These adult dogs when considered to be perfectly normal on a mixed 
diet present a 50 to 55 per cent hematocrit, 19 to 20 gm. hemo^obin per 100 cc. and 
7 to 9 million red cdU. If one tales a dog with 15 gm. hemoglobin and raises the level 
to 20 gm. hemo^bin it does not convince us that this is a true polycythemia for the 
dog. Perhaps diet, environment and mhentance all come Into the picture but short 
term expemnenU do not seem significant- \Vc have no opinion about other 

than dogs from actual experience but we fed that short p^ods during which the red 
cell and hemo globin nsc above short “normal" periods do not constitute polycythemia 
B5 we understand It. 


ifeihods 

The production of this experimental anemia in otherwise normal dogs by bleeding 
and the routine care of these animals has been described (15) The ^ con 

tinuous usually from matunty (I year of age) and the basal ration of salmon bread 

• We are mdebted to Eli Lilly and Company for aid m rrmHurting this work. 
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COBPES AND COBAIX IN ANEMIA 


(a complete diet) is fed durmg all control periods The anemia level is 6 to 7 gm. 
hemoglobm and is reached by careful bleeding over 12 to 14 weeks — the normal 
hemo^obm level bemg 19 to 20 gm. In this way aU reserve stores of hemoglobm 
buildmg materials are exhausted. These dogs are more susceptible to various m- 
fecbons and are protected by isolation and by vaccination against distemper and 
dysentery — ^kept m air conditioned rooms with temperature control Clinically they 
are active and normal with excellent appetites at the anemia level which is contmued 
throughout a normal life — 8 to 11 years 

The tables below present only the net hemoglobm output although the red 
and white cell counts, blood volume, and hematocnt are followed and recorded 
weekly m the histones The net hemoglobm output is obtamed very simply by 
addmg together aU the hemoglobm removed durmg the 2 week feedmg (copper, 
iron, cobalt) penod plus the followmg 3 weeks, less the control basal ration 
hemoglobm production — usually 2 to 3 gm per week The week foUowmg the 
metal feedmg often shows a high hemoglobm output — a carry over which is 
exhausted durmg the 2 weeks after penod 

The metals are given as vanous salts but the figures m vanous tables refer 
to the metal alone 

EXPESIMENTAX OBSEEVATIONS 

There is a tendency to explain responses like hemoglobm production m 
anemia as due to an inflow of a substance which has been depleted and therefore 
lacking for new hemoglobm production The iron effect seems to be a true 
response to an essential substance which is lackmg and reqiured to form new 
hemoglobm m anemia Copper on the contrary is not la rking but is present 
more abundantly m the hver of the anemic dog than m the normal dog Yet 
copper feedmg m modest amounts often does cause an mcrease m hemoglobm 
production m these experiments (Table 1) Ammo acxds when fed may like- 
wise cause an mcrease m hemoglobm production m similar experiments (16) 
In these dogs there is no lack of protem stores out of which the dog can make 
plasma protem (9) Moreover, the fasting, anemic dog given abundant non 
can produce 100 gm new hemoglobm or more (2) Therefore, we cannot 
safely assume that this response is due to a lack of the given ammo aad but 
rather that the dog can use vanous ammo aads to good purpose m its internal 
protem metabohsm We prefer to look at these responses to the feedmg of 
coppier or ammo aads as mdications of a change m flow of the protem pre- 
cursors mto the hemoglobm channel — ^whether tbia change is associated with 
enzyme systems or other mechanisms 

Table 1 presents a considerable number of experiments m which vanous 
amounts of copper sulfate and tartrate are added to the basal salmon bread 
ration This bread contains non (1.5 mg per 100 gm ) as fed The average 
dafly mtake is 300 to 400 gm salmon bread There may be a response to as 
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little as 5 mg copper daily The most uniform response is noted in the 
experiments with 10 to IS mg copper daily, an average value of 22 gm hemo- 
globm output per 2 weeks feeding With larger dose* of copper the responses 
become mote irregular and somewhat less m amount. Responses of less than 

table 1 

Copptf Added to Bosot Ration i^oimon Bread) 


Hemoglobin net output for 2 week* (ceding 
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86 
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18 
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* Bile fiituln. 

} Iron feeding immediately followed the copper feeding 


10 gm. hemoglobm we class as negative. Frequently a copper feedmg of 30 to 
40 mg daily will give a negaUve response but subsequently a surplus of hemo- 
globm may be removed over and above the base hue output This suggests 
an. initial inhibitinn with subsequent over production in a long continued bread 
feeding after period. We have observed somewhat mmllnr responses to mfec 
tion m these anemic dog* — an mitial depression followed by penods of over 
production of hemoglobm (13) 
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COEPEB. AND COBALT IN ANEMIA 


The control hemoglobin production due to salmon bread is about 4 gm per 
2 weeks when the iron content of the salmon bread is kept at a minunum of 1 5 
mg iron per 100 gm The higher values recorded m Table 1 (8 to 16 gm 
hemoglobm) are due to bread contaimng a higher level of iron — an iron e5ect 
m other words 


TABLE 2 

Copper and Iron Gtoen Togclhtr 


Hemoglobm net output for 2 weeks feeding 


Dog No 

Weight 

Daily combined 
dose 

Hb output 

1 due to 

Cu + Fe 

Control hemoglobin pro 

1 duction 
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Repeat experiment 
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• Iron feedmg immediately followed copper and iron feeding 


Table 2 shows in goteral the negative effect of addmg copper to standard 
doses of iron The hemoglobm production due to iron alone is very like that 
due to the same iron dose combmed with various amounts of copper The 
bde fistula dog presents a subnormal output of hemoglobm due to various food 
factors mdudmg iron (8) Copper causes no unusual effect m the bde fistula 
dog The experiments with the Eck fistula (dog 34-146, Table 2) show nothmg 
imexpected The Eck fistula dog may at tunes present a subnormal hemo- 
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globm productiou in standard anemia ejpenmenta The mtoke of 400 mg 
iron dady usually raises the hemoglobin output to the level of the hver feedmg 
(dog 34-146) Occasionally a dog will present responses which are subnormal 

TABLE 3 

Cobdt Addtd /a BasaS Railon (Saim»n Bread) 


Hemo^bin net output for 2 weeks feeding 
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TABLE 4 

Cobalt and Iron Gioen To^Hur 
Hemoglobia net output for 2 weeks feeding. 
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COPPER AND COBALT IN ANEMIA 


a high output of hemoglobin The exjienment with dog 35-4 (iron, 13 mg 
daily given with 20 mg copper, Table 2) shows a high response and the control 
hemoglobm output due to iron 13 mg daily was only 22 gm hemoglobm — 
compare response m same dog to 40 mg iron of 48 gm hemoglobm 

Table 3 shows a number of experiments m which various amounts of cobalt 
are added to the basal ration The cobalt effect is completely negative m 
contrast to the copper effect (Table 1) When we compare the response to non 
feedmg tested before and after the cobalt feedmg, we note that the iron response 
IS more irregular after the cobalt experiment m contrast to the iron response 
before the cobalt The reason for this irregular response is not clear but there 
is httle doubt that cobalt is shghtly toxic to dogs 

Table 4 shows clearly that cobalt added to the usual non dose does not favor 
hemoglobm production On the contrary there appears to be a definite m- 
hibition which can scarcely be due to anythmg but the cobalt This inhibitory 
effect may last over some weeks m certam dogs — for example, dog 39-2, Table 
4, given cobalt 40 mg plus non 40 mg shows an output of hemoglobm of only 
23 gm m contrast to uon alone of 44 gm just before the cobalt feedmg Im- 
mediately foUowmg the cobalt experiment, the standard dose of uon produced 
34 gm hemoglobm and immedutely followmg that, the same dose of uon 
showed an output of 48 gm hemoglobin — that is a late return to normal One 
may choose to explam these responses as due to cobalt toxiaty 

DISCUSSION 

Copper at times has a defimtely favorable effect upon hemoglobm production 
m standard anemic dogs — agam there is a negative response Larger doses 
often are inhibitory, possibly a toxic effect We have no adequate explanation 
for these phenomena but recognize the possibihty that copper may influence 
some enzyme system which is related to the construction of the globm or 
hemoglobm molecules 

The copper effect is attributed by Hart, Elvehjem, and associates (5) to a 
true defiaency m the diet and body tissues This may be true for the milk 
anemias in rats but m the dogs made anemic by bleeding there is no copper defi- 
ciency (salmon bread contains at least 1 mg copper m the daily diet) Fur- 
thermore, copper analyses (7) show that the hver and spleen m these dogs con- 
tam more copper than normal control dogs In fact, the copper seems to 
pile up m the hver of these anemic dogs, while the uon store is reduced to 
TninimiiTTi levels 

The uon effect is relatively sim ple and uon is a part of the hemoglobm 
molecule Iron given by vem to standard anemic dogs will be returned quan- 
titatively on the basis of the uon contamed m hemoglobm — ^3 4 mg uon 
returns 1 gm new hemoglobm Iron absorption is difficult and almost surely 
this is the most important factor to explam differences m hemoglobm produc- 
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tion due to iron feeding under these conditions when all reserve iron stores are 
depleted Obviously the copper effect differs m many essential respects from 
the iron effect. 


CONCHJStONS 

Copper added to a standard diet often effects a moderate mcrease In hemo- 
globin production m anemia due to blood loss The copper response la quite 
irregular m contrast to the iron response In these dogs there is no lack of 
copper held m reserve stores (hver and spleen) so the reaction is not related to 
an actual defiaency of the element An effect upon enayme complexes related 
to globm and hemoglobin production is to be considered 
Cobalt under similar conditions causes no stimulus to hemoglobm production, 
rather an uthtbtiory efcct when more than minimal doses are given The claim 
that cobalt causes a polycythemia m dogs receives no support from our ex- 
periments 
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RED CELL AND PLASMA RADIOACTIVE COPPER IN NORMAL 
AND ANEMIC DOGS* 
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(From the Deparlmenlt of Palkoloty and Radiolocf, Untxrttly of RochaUr School 
of Ifcdiano and Ventulry, Rochester, New Vorh) 

(Received (or pubUcation, Febnmiy 2, 1942) 

Since the demonstration by Hart, Steenboclc, Elvebjem, and Waddell and 
iLoir collaborators (5, 7) that copper plays some essential rfile m the (ormaPon 
of hemogbbm m the copper defiaent animal, it seemed of mterest to determine 
if there might be a demonstrable amount of copper taken up by the red blood 
cell itself durmg active hematopoietic activity The availabihty of radioacbve 
copper* m extremely high speahe activities allows the use of this material as 
a taggmg agent even though the amount of actual metal taken up is extremely 
minute. 

It IS of course necessary to differentiate between copper which, present m the 
plasma, might exchange with some of the same element normally present m 
the red cell, and copper which becomes an intend part of the cellular mineral 
components. The fraction of the orculatmg red cells m the normal dog which 
are bemg replaced daily is probably less than 1 per cent of the total (6) On 
the other hand, under optunum conditions the 10 Idlo dog mamtamed chrom- 
cally anemia by hemorrhage may produce as much as 10 to 15 per cent of its 
arculatlng cells in a single day, but an aseimc animal kept on a diet low in iron 
may form relatively few ted cells (3), perhaps less than the normal dog 
The "half lives” of the radioactive isotopes of copper commonly produced 
are rather short. One is about 3 hours and the other about 13 hours The 
material as obtamed from the cyclotron is a mature of these two Therefore 
It 13 possible to follow the path of copper m an animnl for only a few days at 
the most, unless there is a decided concentration of the element m the tissue 
under scnitmy, a condition which unfortunately is not the my in red cells. 
However, if the isotope is fed to normal animals and the extent of its uptake 
by the red cell deternuned and likewise the uptake by old and newly forming 
cells m the anemic ammal, some idea of whether or not it is bemg actually used 
as a cell component should be determinable. Furthermore, if m two anemic 

• We are indebted to Eli Lilly and Company for aid in conducting this work, 
t Fdlow of The Rockefeller Foundation. 

* We are greatly Indebted to the Physics Department of the Dmversity of Ro- 
chester and particula rl y to Dr Gerhard Dessaner who specially prepared the ladio- 
activc copper used in this work. 
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made aneimc by bleeding over several months time, the dog’s red ceU hematocnt 
was 26 1 per cent at the time of feedmg and the level of blood hemoglobm was 9 gm. 
per cent At this time by standard methods of determination (8), it was found that 
this dog was producing hemoglobm at the appro xima te rate of 11 gm. per week 
The plasma radio-copper rose rapidly to about 0 27 per cent and remamed elevated 
for about 5 hours after which it dropped until it was 0 1 per cent at the end of 24 
hours The red cell copper m this animal rose to 0 15 per cent m 48 hours 

In the second experiment conducted on this animal the rate of hemoglobm pro- 
duction had been stepped up to about 22 gm per week by alteration of the diet 
(non mtake m food) At the time of feedmg, the red cell hematocnt was 27 per cent 
and the hemoglobm level 9 3 gm. per cent This tune the p la s ma radio-copper rose 
shghtly higher (0 34 per cent) than before but the level was not mamtamed very long 
The red cell copper content did not rise more than half as high (0 08 per cent) as 
the level m the first experiment 

Dog 40-179 was a large adult female mongrel shepherd weighmg 21 kilos Before 
feedmg the radio-copper the hematocnt was 25 4 per cent and the hemoglobm level 
9 3 gm per cent, the animal havmg been kept anetmc by hemorrhage for many 
months On a diet of hospital scraps this dog was producmg 75 gm of hemoglobm 
per week at the time of this experiment, this bemg a high rate of hematopoietic ac- 
tivity for dogs (4) The plasma radio-copper reached only 0 18 per cent of the 
amount fed per 100 mb of plasma, this bemg deadedly lower than any of the other 
levels attamed as seen m Chart A. The 48 hour level of radio-copper m the red 
cells, however, m this animal was the highest (0 20 per cent) of this small senes. 

In the second experiment conducted on this animal, the hematocnt at the time of 
feedmg was 19 7 per cent and the hemoglobm level 7 1 gm The rate of hemoglobm 
production was reduced considerably from the previous tune, however, to 15 gm 
per week due to the feeding of a diet low m iron The plasma radio-copper reached 
0 32 per cent m a sharp peak and the red cell copper 0 13 per cent of the amount fed 

DISCUSSION 

The plasma curves (Chart A) showmg the rate of uptake and loss of copper 
foUowmg mgestion are feurly consistent as regards the level reached by the 
isotope after administration of equal doses The low level reached by dog 
40-179 m the first experiment was first thought to be exp lain ed by the weight 
of this a nimal ^ which was about twice that of the others, but m the second 
experiment the level reached was about the same as occurred m the 
smaller dogs 

The uptake of radio-copper m the red cells in the course of 2 days foUowmg 
feeding is to some degree equivocal Dog 40-133 havmg a normal blood picture 
took up the least of the metal However, the other normal animal accumulated 
about the same amount of copper m the cells as did the anemic ammalq m all 
of the experiments with the exception of dog 40-179, m the first experiment on 
that ammal, when the rate of hemoglobm formation was very high (Cliart B) 
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The fact that the plasma copper in the first eipenment on dog 40-179 never 
reached the level it did m the other eipenment on this animal, when the rate of 
hematopoietic acbvity was much lower, or the level reached m the other dogs, 
normal and anemic, suggests that the copper might have been withdrawn at a 
greater rate. Furthermore, In this animal the level of the isotope m the red 
rf1l« inaeased at a markedly higher rate than in any of the others and reached 
a higher final value. This might be construed ns evidence that some of the 
copper was being used m ted cell elaboiatfon but is not borne out by the ob- 
servations on dog 40-149 In the latter case, the ted cell level of copper reached 



Rad Blood CoU Copper 

U1 39-320, nonnal. 

(2) , 40-133, noimnL 

(3) , 40-149 anemic, hemoglobin production 11 gm. per week. 

(4) , 40-149 anemic, hemoglobm production 22 gm. per week 

(5) , 40-179, anemic, hemoglobin production 75 gm. per week. 

(6) , 40-179, anemic, hemoglobm production IS gm. per week. 


in 2 days was higher m the experiment during which the rate of hemoglobin 
regeneration was lower 

With such a small senes of experiments it is not safe to draw any sweeping 
conciusions, but there is some indication that where hemopoietic activity is 
greater than nonnal, the uptake of the small traces of radio-copper by the red 
cell may bo mcreased If the whole picture is one dependent on the adsorption 
of the metal on the red cell, the greater amount of copper present m the circula- 
tion of the anemic anfmals might be related to a greater affimty of the new cell 
forms due possibly to differences m the surface makeup As m the case for the 
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plasma, further studies^ on the red cell copper are mdicated to determme the 
nature of the adsorption isotherm at various concentrations of copper 

sumiAEV 

FoUowmg mgestion of radioactive copper by the dog, the metal appears 
qmckly m the plasma, the concentration reachmg its peak m from 2 to 5 hours, 
after which it falls abruptly Demonstrable amounts are still present after 2 
days The radioactive copper likewise appears rapidly m the circulatmg red 
blood cells, and there is a slow but gradual mcrease m its concentration over 
a 2 day period 

It IS suggested by the data that m the animals m which hematopoietic activ- 
ity IS accelerated the uptake of radio-copper is somewhat more extensive The 
possibihty that this is due to greater adsorption by the new red cells m these 
instances is not ruled out 
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A number of investigators (1-7) have reported the results of studies on the 
antibody response of human beings foUoivmg the parenteml administration of 
various prcparatioaB containmg induenxa virus. With one exception (6) 
these earher mvestlgations were earned out on relatively small groups of indi- 
viduals gnee the difficulty of examining large numbers of sera by means of 
the neutralization test in mice w&s often a limiting factor Most workers used 
a smgle variety of vaceme, although Horsfall, I^nnette, and Rickard (5) m- 
vestigated a number of different preparations in small groups of volunteers. 
Despite the efforts which have been expended in the study of influenza virus 
vacones in human beings, there is at present relatively little known concerning 
the factors which influence the speofle antigenidty of the various kinds of 
vacane which can be prepared with this agent 

While extensive work has been done on the antibody response of experi 
mental animals vaccinated with various prqiarBUons of influenza vims, the 
results obtamed m such studies are not necessarily applicable to man Most 
human bemgs unlike most expenmental animals, have had at least one contact 
with influenza virus, and these previous infective cxpencnccs are probably one 
of the factors which condition their responses to vaccination with the virus m 
an unpredictable manner Smee man is the subject whom It is desired ulti- 
mately to protect against attacks of influenza, it seems apparent that direct 
testmg m human beings faclhtates the evaluation of the effectiveness of various 
kinds of vacones. 

Previous workers (1-7) have found that there ivas marked mdividual varia- 
tion m the antibody response of human beings to any one vanety of influenza 
virus vacane. Because of the mdividual differences m response it seemed 
necessary, m order to obtam significant data for the comparison of the specific 
antigenidty of different vinia preparations m man, to use large numi^ of 
individuals in the study of each vaccine. 

With the demonstration that influenza viruses agglutinate red blood 

corpuscles, and that this capaaty is specifically inhibited by immune serum 
(8), a new and relatively simple in vitro test for the determination of influenza 
antibodies became available (9) As has been shown, the titers of influenza 
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antibodies in normal human sera, as determmed by this method, very closely 
paralleled the titers obtained by means of the virus neutralization test m mice 
This parallelism also obtamed with sera from human bemgs who had been 
vaccmated recently with influenza virus Furthermore the test was sensitive 
to relatively small changes m antibody concentration, and the end pomts ob- 
tamed had a high degree of reproducibihty Because this method could be 
apphed relatively easily to large numbers of sera it became possible to under- 
take a large-scale study of the antibody response to vaccmation with influenza 
viruses m human bemgs 

The experiments m the present paper were designed to explore several ques- 
tions related to human vaccination with influenza viruses (a) How much 
variation m mdividual antibody response occurs m a large group which has 
heen given a single type of vaccme, and how does the mdividual response vary 
with the prevaccination antibody level? (6) What are the relative ments 
as specific antigens of whole chick embryo vaccmes prepared with and without 
the X stram of distemper virus? (c) How does the antibody response vary 
with dosage of influenza virus? (d) How does active virus compare with 
inactive virus as an antigen? (e) What is the effect of mcreasmg the mert pro- 
tem content of the vaccme? if) How rapidly do mdividuals lose the additional 
antibodies produced followmg vaccmation? (g) How closely does the anti- 
body response to influenza A virus parallel that to influenza B virus under 
various conditions? 

Allantoic flmd from infected duck embryos has been shown to be an excellent 
source of influenza viruses (10-12) and has heen used as the source of material 
for most of these experiments In addition to a high virus titer, allantoic flmd 
contains relatively httle non-virus protem Furthermore the virus present m 
such flmds can be concentrated readily by several methods, permittmg the 
administration of much larger amounts of virus than heretofore 

Methods 

Inasmuch as these studies were designed to compare the specific anhgematy of 
vaccmes modified m one factor only, it was essential that the basic source material 
be the same for all preparations For this purpose two large pools of infected al- 
lantoic flmd were prepared, one containmg the PR8 stram of influenza A vuus (13) 
and the other the Lee stram of influenza B virus (14) Furthermore to insure um- 
formity the various vaccmes were prepared at the same time with the exception of 
53, 54, and 64, which were handled separately as will be explamed m the 
text. Usually, equal amounts of the two allantoic flmd pools which had been treated 
simila rly werecombmed to make the final preparation Chick embryo passage deriva- 
tives of the mouse-virulent PR8 and Lee strains were the only viruses used throughout 
this work, except m vaccme 64 which contamed the W S stram (15) m addition and 
vaccme 54 which was prepared with a mixture of the PR8 stram and the X stram of 
distemper virus (16) 
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Freparaium of AWuUotc Fluid Pools Used for Vacanes —To prepare the basic al 
lantoic fluid pools ll-day old duck embii'os were used- The embryos were moculated 
with 0 1 cc. of infected allantoic fluid (diluted to l(H In saline) through a small punc 
tore in the shell over the chorioallantoic membrane. No attempt was made to drop 
this membrane. After 2 days Incubation at 37*C blood-free allantoic fluid was 
removed under sterile comfltions os described m a previous report (9) A portion of 
the fluid from each egg was cultured m blood broth, and while the results of culture 
were determmed, the remainder of the fluids from mdividual eggs was stored 
froren at -72®C All contaminated fluids were discarded and the sterile fluids were 
pooled- The combined sterile fluids were danfied by low-speed centrifugation, and 
the sediments were discarded. The pools were then stored at — lO^C, until the 
varmus vaccines were prepared. Each pool was titered in mice, after it had been 
diluted serially in steps of KH-*, and the 50 per cent mortahty end pomt was deter 
About 3,500 cc. of PR8 and 2,000 cc. of Lee fluids were prepared. 

The individual vaednes (except S3, 54, and 64) were all made from these pools on 
the Mynft day The technique used for each preparation will be described m the 
text. All vacanes except 61 and 64 were frcicn and dried (17) and were rehydrated 
with water just before use. 

Ifdkod of VacoMiloiur-ln all cases the vacrinated subjects were patients In state 
ho^ltals, Thor ages vaned from IS to 60 years, and they were predominantly males. 
In most instancfs 150 individuals were inoculated with each vacane. A number of 
diflerent vacanes were given on each ward in order to rule out possible variation in 
response from one group to another A blood specimen was taken from each mdi 
vidual just before vacanatkm and another 2 weelj following vaednation The sera 
were separated and stared at 4'*C until they were tested for antibody titer Some 
of the subjects were bled also at 6 weeks, 9 weeks, and 5 months foUowmg vaccination. 

DeUrmwafion of Aniibody Tiier m Serum — AH of the human sera, both pre- and 
postvaconation specimens, were tested for their capaaty to Inhibit the agglutination 
of chhicn red cells by the PR2 rtram and the Lee strain of influenxa virus. The 
virus luqicnfiions used for these tests were prepared m the same manner as the allantoic 
fluid pools used for vn equation. Large quantities of each virus were prepared at one 
time. Each pool of test virus was disti^ted In small amounts (2 to 25 cc.) in lus- 
terold tubes, which were then stored at -72®C until used- Two such pools of in 
flucnxa A virus and two of mfluenza B virus were necessary to complete the sertuu 
titrations. 

The c hi cke n red cells used for these tests were obtamed from a local slaughterhouse. 
After the cervical vessels of the chickens were severed the blood was collected in a 
flask con tainin g a htcr of 2 per cent sodium atiatc solution- Two hters of 
blood were collected at one time. The cells were washed three in «lin^ and 
after the final washing were centrifuged at 900 b-pol for U nunutes* The packed 
cells were stored at 4 C and were diluted just before use with 49 volumes of saline. 
Red cells were not used more than 1 week after bang obtained. 

The sera to be tested were inactivated by facatmg at 56 C for 30 minutes. Senal 
dilations were then made In saline, using twofold steps. To 3^ cc. of each scrum 
dflutioa was added H cc. of vims dilution, and to this mixture was added 1 cc of a 

2 per cent suspension of chickm red cells. The red ceils were added with an automatic 
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antibodies in normal human sera, as detennmed by this method, very closely 
paralleled the titers obtamed by means of the virus neutralization test m mice 
This parallelism also obtamed with sera from human bemgs who had been 
vaccinated recently with influenza virus Furthermore the test was sensitive 
to relatively small changes m antibody concentration, and the end pomts ob- 
tamed had a high degree of reproducibihty Because this method could be 
apphed relatively easily to large numbers of sera it became possible to under- 
take a large-scale study of the antibody response to vaccination with influenza 
viruses m human bemgs 

The experiments m the present paper were designed to explore several ques- 
tions related to human vaccination with influenza viruses (o) How much 
variation m mdividual antibody response occurs m a large group which has 
been given a smgle type of vaccme, and how does the mdividual response vary 
with the prevaccination antibody level? (6) What are the relative ments 
as specific antigens of whole chick embryo vaccmes prepared with and without 
the X stram of distemper virus? (c) How does the antibody response vary 
with dosage of influenza virus? (d) How does active virus compare with 
inactive virus as an antigen? (e) What is the effect of mcreasmg the mert pro- 
tem content of the vaccine? (/) How rapidly do mdividuals lose the additional 
antibodies produced foUowmg vaccination? (g) How closely does the anti- 
body response to influenza A virus parallel that to influenza B virus under 
various conditions? 

Allantoic flmd from infected duck embryos has been shown to be an excellent 
source of influenza viruses (10-12) and has been used as the source of material 
for most of these experiments In addition to a high virus titer, allantoic flmd 
contains relatively httle non-vuns protem Furthermore the virus present m 
such flmds can be concentrated readily by several methods, pemuttmg the 
administration of much larger amounts of virus than heretofore 

Methods 

Inasmuch as these studies were designed to compare the specific antigematy of 
vaccmes modified m one factor only, it was essential that the basic source material 
be the same for all preparations For this purpose two large pools of mfected al- 
lantoic flmd were prepared, one contammg the PR8 stram of influenza A virus (13) 
and the other the Lee stram of influenza B virus (14) Furthermore to msure um- 
formity the various vaccmes were prepared at the same tune with the exception of 
53, 54, and 64, which were handled separately as will be explamed m the 
text. Usually, equal amounts of the two allantoic flmd pools which had been treated 
similarly were combmed to make the final preparation Chick embryo passage deriva- 
tives of the mouse-vmilent PR8 and Lee strains were the only viruses used throughout 
this work, except m vaccme 64 which contamed the W S stram (15) m addition and 
vaccme 54 which was prepared with a mixture of the PR8 stram and the X stram of 
distemper virus (16) 
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Preparation of AUantoic PUdd Pools Used for Vaedna —To prepare the basic &1 
lantoic fluid pools 11 -day old diick embryos were used. The embryos were bocolatcd 
with 0 1 cc. of mfected allantoic fluid (dfluted to ICT* In saline) through a small punc 
ture in the shell over the chonoallantoic membrane. No attempt was made to drop 
this membrane. After 2 days incubatkm at 37*C blood free allantoic fluid was 
removed under sterile condltWDS as described m a previous report (9) A portion of 
the fluid from each egg was cultured in blood broth^ and while the results of culture 
were being detemuned, the remamder of the fluids from individual eggs was stored 
froxen at -72®C All contaminated fluids were dtvajded and the sterile fluids were 
pooled. The combmed sterile fluids were clarified by low-speed centrifugation, and 
the sediments were The pools were then stored at — 10“C until the 

various vaednes were prepared. Each pool was titered m mice, after it had been 
diluted serially in steps of 10-®-*, and the 50 per cent mortality end pomt was deter 
mined. About 3,500 cc. of PRB and 2,000 cc. of Lee fluids were prepared. 

The mdividual vaconca (except S3, 54, and 64) were all made from these pools on 
the same day The technique used for each preparatioa will be described in the 
text. All vaccines except 61 and 64 were frown and dried (17) and were rehydrated 
with distilled water just before use. 

Method of Vacanaium — In all cases the vaednated subjects were patients in state 
ho^itals. Their ages vaned from 15 to 60 years, and they were predominantly male*. 
In most instances 150 individuals were boculated with each vaceme. A number of 
dlf erent vacones were given on each ward b order to rule out possible variation b 
response from one group to another A blood tpeomen was talrm from each indl 
y iHroJ just before vacdnatian and another 2 weehs foSowing vacanatioo. The sera 
were separated and stored at 4'”C until they were tested ior antibody titer Some 
of the subjects were bled also at 6 weeks, 9 weeks, and 5 months followmg vaconatbn. 

Dderminaiion of Antibody TUcr tn Serum — ^AH of the human sera, both pre- and 
postvacemation specimens, were tested for their capacity to inhibit the aggbtmation 
of chicken red cells by the FR3 strab and the Lee strain of bfluenxa virus. The 
virus suspcnslonB used for these tests were prepared m the nunc manner as the allantoic 
fluid pools used for vacduatioa. Large quantities of each virus were prepared at one 
time. E ach pool of test vinis was distributed b small amounts (2 to 25 cc.) b lus- 
teroid tubes, wbch were then stored at — 72®C. until used. Two such pools of b 
flucnia A virus and two of mflaena B virus were necessary to complete the o>r nn i 
dtiations. 

The chicken red cells used for these tests were obtained from a local slaughterhouse. 
After the cervical vessels of the chlthens were severed, the blood was collected in a 
flask containing a hter of 2 per cent sodium dtrate sobUon. Two hters of chicken 
blood were collected at one time. The cells were washed three b saline and 
after the final washmg were centrifuged at 900 E.P. 1 L for 11 mbutes. The packed 
cells were stored at 4®C and were diluted just before use with 49 volumes of salbe. 
Red cells were not used more than 1 week after being obtabed. 

The sera to be tested were Inactivated by heating at 56“C. for 30 mmutes. Serial 
dflntions were then made b salbe, using twofold steps. To H cc. of each serum 
dilation was added H cc. of vinia dibtion, and to this mixture was added 1 cc. of a 
2 per amt suspension of chicken red cells. The red ccIIb were added with an automatic 




